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Am2900 COMPONENTS 
CONTINUOUSLY 
BECOME 
FASTER AND FASTER 


MORE SPEED: NO MORE POWER 


There's a good old tried and proven way to make faster IC's - 
burn more power. (That's the only real difference between "lS" 
and "S" devices). But that solution isn't satisfactory for lSI de- 
vices like the Am2900 family. Power is constrained to existing 
levels for reliability reasons. 


Am2900 
parts are always designed 
to obtain the maximum 


speed at a power level which is safe for the package types and 
operating 
environment 
of the part. To increase speeds, new 
technologies 
must be used to build faster components 
at no 
increase in power. 


NEW CIRCUIT DESIGN TECHNIQUES MAKE FASTER 
GATES 


One way to make faster components is to use new circuit de- 
sign techniques. The most obvious is internal ECl, which pro- 
vides very fast gates at similar power levels to lS TTl. 
Other 
design techniques, such as low-level logic (with very small logic 
swings on-chip), can also provide higher speeds without intro- 
ducing the time penalty of ECl to TTl conversion. 


Finally, very low power gates used in non-critical speed paths 
make more power available for use in critical speed paths. As 
the 2900 family develops, all these technologies 
will be used 
within a single component to achieve the highest speeds with- 
out increasing power. Among the first products to take advan- 
tage of mixed-circuit technology will be the Am2903A. 


IMPROVED PROCESS CONTROL ALLOWS TIGHTER 
SPECS 


Today's 
2900 parts are carefully 
characterized 
over a wide 


range of voltages, temperatures, 
and process parameters be- 


fore 
an AC specification 
is published. 
As manufacturing 
technology improves, the process is subject to smaller run-to- 
run variations, 
so that all of the product is closer to design 
nominal. This makes it possible to specify parameters 
more 
closely to typical without incurring large yield losses. The first 
product reflecting this is the Am2903. 


WHAT'S GOOD FOR THE GOOSE IS GOOD FOR THE 
GANDER 


Many new tools in production technology are emerging, primar- 
ily spurred by the emphasis on high-speed 
MaS 
memories. 


The same tools, such as projection masking, also provide for 
smaller geometries in bipolar circuits. As MaS gets faster, so 
does bipolar. The Am2901 B obtains its speed improvement over 
the Am2901A through these tools. 


Every 
Am2900 
part 
will 
undergo 
an 
evolution 
as new 
technologies 
become practical for production. 
Every part type 
will continuously become faster. Within a few short years, 2900- 
based designs will compete favorably with Schottky MSI on a 
speed basis at a fraction of the component count. 


Most existing 2900 designs can be offered in higher perfor- 
mance versions 
simply by substitution 
of the 2901 B for the 
2901A, the 2909A for the 2909, the 2903A for the 2903, and so 
forth. Your 2900 design won't run out of speed in a few years. 
Advanced 
Micro Devices' 2900 Family will serve tomorrow's 
needs as well as today's. 


SMALLER DIE SIZES MAKE FASTER PARTS 
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DIE SIZE 0.167" 
X 0.198" 


Speed A,B -+ G.P BOns 


DIE SIZE 0.132" X 0.149" 


Speed A, B -+ G,P 65ns 


DIE SIZE 0.117" X 0.12B" 


Speed A,B -+ G,P 50ns 


Transistor-transistor 
logic has been 
the 
dominant 
technology 


for digital 
circuits 
since 
it was developed 
in the mid-1960's_ 
It has proven 
itself to be manufacturable 
in high volume 
using 


an extremely 
reliable 
process 
technology. 
The processes 
used 


for 
TTL 
have 
evolved 
over 
the 
years, 
making 
components 


smaller, 
faster 
and 
less expensive. 
Relative 
to 
a TTL 
gate 


manufactured 
in 1966, 
a gate on a circuit 
manufactured 
today 


occupies 
1/5 the 
area, 
consumes 
1/10 
the power, 
is twice 
as 


fast and costs less than 
1/100 the price. 


The 
circuits 
built 
using TTL technology 
have gone through 


two generations; 
the Am2900 
Family represents 
the beginning 


of the 
third. 
Each 
generation 
consists 
of circuits 
which 
are 


fundamental 
building 
blocks 
of systems 
- 
circuits 
which 
can 


be 
interconnected 
in 
many 
different 
ways 
to 
build 
many 


different 
sys~ems. 
Only 
by producing 
such 
universal 
circuits 


can 
manufacturing 
volumes 
be high enough 
to generate 
the 


rapid 
cost 
reductions 
characteristic 
of the 
integrated 
circuit 


industry. 


The quality 
which 
distinguishes 
one generation 
from another 


is the 
level of integration 
used, 
and, 
because 
of the 
level of 


integration, 
the philosophy 
behind the circuit. 


If one draws 
a curve 
plotting 
the 
cost 
of an individual 
gate 


against the number 
of gates on a chip, Figure 1 results. 
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At 
the 
left, 
cost 
per 
gate 
is inversely 
proportional 
to 
the 


number 
of gates on the 
chip. 
The chip 
is small enough 
that 


it does 
not 
represent 
a significant 
portion 
of the cost of the 


product 
- 
it 
is virtually 
free. 
The 
cost 
of the 
product 
is 


composed 
of labor 
in assembly 
and test, the cost of processing 


an order, 
shipping 
and fixed overhead. 
Doubling the number 
of 


gates on the chip doesn't 
materially 
affect the cost so the cost 


per gate halves. As the number 
of gates per chip increases, the 


die begins to cost more, 
reversing 
the downward 
trend. 
As die 


cost 
dominates, 
the 
cost per gate remains 
relatively 
flat until 


the 
yield 
of the die begins to decline 
markedly. 
The cost per 


gate 
then 
begins 
to 
rise again. 
The 
lowest 
cost 
per gate 
is 


ach ieved 
at a level of 
integration 
corresponding 
to the 
flat 


region. This is the optimum 
level of integration. 


As technology 
improves, 
costs are constantly 
reduced 
and the 


optimum 
level of integration 
occurs 
at more and more gates 


per chip. 


The 
three 
curves 
of 
Figure 
2 are 
the 
reason 
for 
the 
three 


generations 
of TTL. 
Each generation 
has consisted 
of funda- 
mental 
system 
building 
blocks 
designed 
to take 
advantage 
of 


the optimum 
level of integration 
at the time. 


GATES/CHIP 


Figure 2. 


GENERATION 
I - 881,1965 
In 1965, 
the 
optimum 
level of 
integration 
was three-to·six 


gates 
per 
chip. 
Users 
were 
delighted 
to 
buy 
such 
chips 
at 


$10-20 
each. The circuits 
were useful 
in many systems. 
They 


consisted 
of gates - the 7400, 
7410, 
7420 - and, pressing the 


state 
of 
the 
art, 
some 
flip-flops. 
They 
were 
fundamental 


building 
blocks. 


GENERATION 
II - M81, 1970 


Beginning 
around 
1968, 
it became 
economical 
to put 
more 


gates on a chip 
and the 
industry 
was faced with "a problem: 


How does 
one 
put 
20 gates on a chip 
and 
build 
a universal 


building 
block? 
Clearly, 
one answer 
was to bring 
the 
inputs 


and outputs 
off chip 
as had 
been done 
before. 
But that 
was 


the 
wrong 
answer. 
The 
right answer 
was to redefine 
funda- 


mental 
building 
blocks. 
The new building 
blocks fell into seven 


categories: 


• 
Counters 
• 
Decoders 
• 
Multiplexers 
• 
Operators 
(adders, comparators) 
• 
Encoders 
• 
Registers 
• 
Latches 


All systems could be defined 
in terms of these seven functions, 


and 
integrated 
circuits 
could 
be defined 
at the 
20-50 
gate/ 


chip 
level which 
performed 
these 
functions 
efficiently. 
This, 


of course, 
is MSI. Over the last six or seven years, 
more and 


more 
circuits 
of 
this 
type 
have 
been 
introduced, 
utilizing 


standard 
gold-doped 
technology, 
low-power 
TTL, 
high-speed 


TTL, 
Schottky 
TTL, 
and 
now 
low-power 
Schottky 
TTL 
technology. 
Today, 
there 
are over 250 different 
MSI circuits 


and new ones appear 
every month. 
But in today's 
technology, 


many of these 
circuits are not particularly 
cost effective. 
They 


are too small for today's 
technology 
and their 
costs are labor 


intensive. 
(Labor costs do not follow traditional 
semiconductor 


pricing 
patterns.) 
In 1977, 
the optimum 
level of integration 


for bipolar 
logic is around 
500 gates/chip. 


GENERATION 
III - The Am2900 
Family, 
1976 


At a 500-gate-per-chip 
level of integration, 
one does not build 


counters, 
decoders, 
and 
multiplexers. 
A new 
definition 
of 


fundamental 
system 
functions 
is needed. 
Advanced 
Micro 


Devices has defined 
these eight categories: 


• 
Data Manipulation 
• 
Microprogram 
Control 
• 
Macroprogram 
Control 
• 
Priority 
Interru pt 
• 
Direct Memory Access 
• 
I/O Control 


• 
Memory 
Control 
• 
Front 
Panel Control 


The 
Am2900 
Family 
consists 
of circuits 
designed 
to perform 


those 
functions 
efficiently. 
They 
are 
fundamental 
system 


building 
blocks; 
they 
contain 
hundreds 
of gates 
per 
chip; 
they are fast - utilizing 
Low-Power 
Schottky 
TTL technology; 


they 
are expandable; 
they 
are flexible 
- 
useful 
in emulation; 


and they are driven under microprogram 
control. 


THE Am2900 
FAMILY 


The Am2900 
Family consists of a series of LSI bu~ding 
blocks 


designed 
for 
use 
in microprogrammed 
computers 
and 
con- 


trollers. 
Each device 
is designed 
to be expandable 
and suffi- 
ciently 
flexible 
to be suitable 
for emulation 
of many 
existing 


machines. 
It 
is the 
wide 
variety 
of 
machine 
architectures 


possible 
with the Am2900 
Family which sets it apart from the 


fixed-instruction 
microprocessors 
such as the Am9080A. 


While an Am9080A 
can be used to build a microcomputer 
with 


only four 
or five packages, 
an Am2900 
design will require 
30 


or 40 or more. 
The Am9080A 
design will, therefore, 
almost 


always 
be cheaper. 
But 
the 
Am9080A, 
or any 
other 
fixed- 


instruction 
processor, 
can execute 
only one instruction 
set, so 


it is not 
really 
suitable 
for 
emulation 
of another 
machine. 


Moreover, 
a 
fixed-instruction 
processor 
operates 
only 
on 


words of a single length, usually eight bits. An Am2900 
design, 


on the 
other 
hand, 
can be constructed 
for any word 
length 


which is a multiple 
of four bits. 


Many 
applications 
require 
specialized 
operations 
to 
be per- 


formed 
at 
relatively 
high speed. 
Such 
functions 
as multiply 


and divide and special graphic control 
operations, 
can be done 


in microcode 
10-100 
times 
faster 
than 
in fixed-instruction 


MOS processors. 


Most small 
processors 
today 
are being designed 
using a tech- 


nique called microprogramming. 
In microprogrammed 
systems, 


a large portion 
of the system's 
control 
is performed 
by a read 


only memory 
(usually 
PROM) rather 
than large arrays of gates 


and flip-flops. 
This technique 
frequently 
reduces 
the package 


count 
in the controller 
and provides a highly ordered 
structure 


in the 
controller, 
not 
present 
when 
random 
logic 
is used. 
Moreover, 
microprogramming 
makes changes 
in-the machines' 


instruction 
set very simple 
to perform 
- 
reducing 
the 
post- 


production 
engineering 
costs for the system substantially. 


The Am2900 
Family 
of Bipolar 
LSI devices has been designed 


for use in microprogrammed 
systems. 
Each device performs 
a 


basic system 
function 
and 
is driven 
by a set of control 
lines 


from 
a 
microinstruction. 


Figure. 3 
illustrates 
a typical 
system 
architecture. 
There 
are 


two 
"sides" 
to the system. 
At the Jeh is the control 
circuitry 


and on the right is the data 
manipulation 
circuitry. 
The block 
labeled 
"2901 
array" 
consists 
ofthe 
ALU, scratch pad registers, 
data 
steering 
logic 
(all internal 
to the 
Am2901 's), 
plus left/ 


right 
shift 
control 
and carry 
lookahead 
circuit. 
Data 
is pro- 


cessed by moving 
it from 
main memory 
(not shown) 
into the 


2901 
registers, 
performing 
the 
required 
operations 
on it and 
returning 
the result to main memory. 
Memory 
addresses 
may 1 


also be generated 
in the 
2901 's and sent out to the 
memory 
address 
register 
(MAR). 
The four 
status 
bits from 
the 2901's 
ALU are captured 
in the status 
register after each operation. 


The 
logic on the 
left side is the 
control 
section 
of the com- 
puter. 
This is where the Am2909, 
2910, or 2911 is used. 
The 


entire 
system 
is controlled 
by 
a 
memory, 
usually 
PROM, 


which 
contains 
long 
words 
called 
microinstructions. 
Each 
microinstruction 
contains 
bits 
to 
control 
each 
of 
the 
data 
manipulation 
elements 
in the system. 
There 
are, for example, 
. nine 
bits for the 
2901 
instruction 
lines, eight 
bits for the A 
and 
B register 
addresses, 
two 
or three 
bits 
to 
control 
the 
shifting 
multiplexers 
at the ends of the 2901 array (Figure 
19 
on 2901 
data 
sheet), 
and 
bits to control 
the register 
enables 


on the MAR, instruction 
register, and various bus transceivers. 


When the bits in a microinstruction 
are applied 
to all the data 


elements 
and everything 
is clocked, 
then 
one small operation 
(such as a data transfer 
or a register-to-register 
add) will occur. 


A "machine 
instruction" 
(such as a minicomputer 
instruction 
or a 9080A 
instruction) 
is performed 
by 
executing 
several 


microinstructions 
in sequence. 
Each microinstruction 
therefore 


contains 
not 
only bits to control 
the data 
hardware, 
but also 


bits to define 
the location 
in PROM of the next microinstruc- 


tion 
to be executed. 
The fields are labeled in Figure 3 as I, CC, 


and BA. The I field controls 
the sequencer. 
It indicates 
where 


the next address 
is located 
- 
the /.lPC, the stack, or the direct 


inputs 
- 
and whether 
the 
stack 
is to be pushed 
or popped. 


The 
CC field 
contains 
bits 
indicating 
the 
conditions 
under 


which 
the 
I field applies. 
These 
are compared 
with the condi- 


tion 
codes 
in the status 
register and may cause modification 
to 


the 
I field. 
The 
comparing 
and 
modification 
occurs 
in the 


block labeled "control 
logic". 
Frequently 
this is a PROM or PLA. 


In the case of the Am291 0, it is built into the chip. 
The BA field 


is a branch address or the address of a subroutine. 


The 
address 
for 
the 
microinstructions 
is generated 
b\' 
the 
sequencer, 
starting 
from a clock edge. The address 
goes from 


the sequencer 
to the ROM and, an access time later, the micro- 


instruction 
is at 
the 
ROM 
outputs. 


A pipeline 
register 
is a register 
placed 
on the 
output 
of the 


microprogram 
memory 
to essentially 
split the system 
in two. 


The pipel ine register 
contains 
the 
microinstruction 
currently 


being executed 
CD. (Refer to the circled numbers 
in Figure 3.) 


The 
data 
manipulation 
control 
bits 
go out 
to 
the 
system 
elements 
and a portion 
of the microinstruction 
is returned 
to 
the sequencer 
@ to determine 
the address 
of the next micro- 


instruction 
to be executed. 
That address @ is sent to the ROM 
and 
the 
next 
microinstruction 
@ sits at the 
input 
of the 


pipeline 
register. So while the 2901 's are executing 
one instruc- 


tion, 
the 
next 
instr~ction 
is being 
fetched 
from 
ROM. Note 


that 
there 
is no sequential 
logic in the sequencer 
between 
the 


select lines and the output. 
This is important 
because the loop 
CD to @ to @ to @ must occur during a single clock cycle. 
During the same time, 
the loop from CD to ® must occur in 


the 
2901 'so These 
two 
paths 
are roughly 
the 
same 
(around 


200ns 
worst 
case for a 16-bit 
system). 
The presence 
of the 


pipeline 
register 
allows 
the 
microinstruction 
fetch 
to occur 


in parallel with the data operation 
rather than serially, allowing 
the clock frequency 
to be doubled. 


So 


(2-3 
Am2909s 
S, 
'E 
CONTAOL 


OR 
Am2911s 
SEQUENCER 
PUP 
LOGIC 
OR 
Am29101 
(PROM, 
SSII 


CP 
Co 
® 


@ 


A 
CP 


CC 


MICROPROGRAM 
-40 
BITS 
MEMORY 
0 
SA 
(PROM) 


256 
TO 
4k 
WORDS 
@) 
PIPELINE 
G) 


REGISTER 


1 
Microinstruction 
currently 
being executed 


2 
Sequencer 
control 
lines select source of 
next 
microinstruction 
address 


3 
Next microinstruction address 


4 
Next microinstruction 


5 
Status bits from current microinstruction 


6 
Status bits from last microinstruction 


The system 
shown 
in Figure 3 works 
as follows. 
A sequence 
of 
microinstructions 
in the 
PROM 
is executed 
to 
fetch 
an 
instruction 
from main memory. 
This requires that the program 


counter, 
often 
in a 2901 
working 
register, 
be sent 
to 
the 
memory 
address 
register 
and incremented. 
The data 
returned 


from 
memory 
is loaded 
into 
the 
instruction 
register. 
The 


contents 
of the instruction 
register 
is passed through 
a PROM 


or PlA 
to generate 
the 
address 
of the first microinstruction 


which 
must 
be executed 
to 
perform 
the 
required 
function. 


A branch 
to this address occurs through 
the sequencer. 
Several 


rnicroinstructions may be executed 
to fetch data from memory, 
perform 
AlU 
operations, 
test for overflow, 
and so forth. 
Then 


a branch 
will pe made 
back to the instruction 
fetch 
cycle. At 


this 
point, 
there 
may be branches 
to other 
sections 
of micro- 


CLOCK--.r 


A 
Am2901 
ARRAY 
OVA 


S 
OR 


I 
Am2903 
ARRA 
Y 
F3 
Co 


F=O 


TO 
OTHER 


SYSTEM 


ELEMENTS 
Ie. 9. ENABLES 
ON 


MAR,IA, 
DR) 


code. 
For example, 
the 
machine ..might 
test 
for an interrupt 


here. and- obtain 
-an Interrupt 
service 
routine 
address 
from 
another 
mapping 
ROM rather 
than 
start 
on the next 
machine 
instruction. 
There 
are obviously 
many 
possibilities. 
Through- 


out 
this 
data 
book, 
in application 
notes, 
and 
within 
data 


sheets, ~ome suggested techniques 
will be found. 


Additional 
application 
notes are in preparation 
and are planned 
for publication. 
Advanced 
Micro Devices' 
Applications' 
staff 


is available to answer nuestions 
and provide technical 
assistance 
as well. 
They 
may be reached 
by calling 
(408) 732-2400, 
or, 


outside 
California 
(800) 
538-8450. 
Ask for Am2900 
Family 


Appl ications. 


Am2901 • Am2901A • Am2901 B 


Four-Bit 
Bipolar Microprocessor 
Slice 


DISTINCTIVE CHARACTERISTICS 


• 
Two-address architecture - 
Independent 
simultaneous access to two working registers 
saves machine cycles. 


• 
Eight-function ALU - 
Performs addition, two subtraction operations, and five logic 
functions on two source operands. 


• 
Flexible data source selection - 
ALU data is selected from five source ports for a total of 203 
source operand pairs for every ALU function. 


• 
Lelt/right shift independent of ALU - 
Add and shift operations take only one cycle. 


• 
Four status flags - 
Carry, overflow, zero, and negative. 


• 
Expandable - 
Connect any number of Am2901's together for longer word 
lengths. 


• 
Microprogrammable 
- 
Three groups of three bits each for source operand, ALU 
function, and destination control. 


• 
Fast- 
Am2901B is up to 27% faster than Am2901A, up to 50% 
faster than Am2901. The Am2901 B meets or exceeds all of 
the specifications for the Am2901 and Am2901A. 
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For applications 
information 
see the last part of this data sheet and 


chapters 
III and IV of "Build a Microcomputer", 
AMD's application note 


series on the Am2900 
Family. 


GENERAL DESCRIPTION 


The four-bit bipolar microprocessor slice is designed as a high- 
speed cascadable element intended for use in CPU's, peripheral 
controllers, 
programmable 
microprocessors 
and numerous 


other applications. The microinstruction flexibility of the Am2901 
will allow efficient emulation 
of almost any digital computing 


machine. 


The device, as shown in the.block diagram below, consists of a 
16-word by 4-bit two-port RAM, a high-speed ALU, and the. as- 
sociated shifting, decoding and multiplexing circuitry. The nine- 
bit microinstruction word is organized into three groups of three 
bits each and selects the ALU source operands, the ALU func- 
tion, and the ALU destination 
register. The microprocessor 
is 


cascadable with full look-ahead or with ripple carry, has three- 
state outputs, and provides various status flag outputs from the 
ALU. Advanced low-power Schottky processing is used to fabri- 
cate this 40-lead LSI chip. 


The Am2901 B is a plug-in 
replacement 
for the Am2901 
or 


Am2901 A, but is 25% faster than the Am2901 A and 50% faster 
than the Am2901. 


A detailed 
block 
diagram 
of the 
bipolar 
microprogrammable 
microprocessor 
structure 
is shown 
in Figure 1. The circuit 
is a 
four·bit 
slice cascadable 
to any number 
of bits. Therefore, 
all 
data 
paths 
within 
the 
circuit 
are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4-bit 
2-port RAM and the high-speed ALU. 


Data in any of the 
16 words 
of the 
Random 
Access Memory 
(RAM) can be read from the A-port of the RAM as controlled 
by 
the 4-bit A address field input. 
Likewise, data in any of the 16 
words of the RAM as defined 
by the B address field input can be 
simultaneously 
read from the B-port of the RAM. The same code 


can be applied to the A select field and B select field in which case 
the identical 
file data wiII appear 
at both the RAM A-port and 
B-port outputs simultaneously. 


When enabled by the RAM write enable (RAM EN), new data is 
always written 
into the file (word) defined by the B address field 
of the 
RAM. The RAM data 
input field is driven by a 3-input 
multiplexer. 
Ttlis configuration 
is used to shift the ALU output 
data (F) if desired. This three-input 
multiplexer 
scheme allows the 
data to be shifted up one bit position, shifted down one bit posi- 
tion, or not shifted in either direction. 


The 
RAM A-port 
data 
outputs 
and RAM B-port data outputs 
drive separate 
4-bit 
latches_ These 
latches hold the 
RAM data 


while the clock input 
is LOW. This eliminates 
any possible race 


conditions 
that could occur while new data is being written 
into 
the RAM. 


The high-speed Arithmetic 
Logic Unit (ALU) can perform three 


binary arithmetic 
and five logic operations 
on the two 4-bit input 


words Rand 
S. The R input field is driven from a 2-input multi- 


plexer, 
while the 
S input field is driven from a 3-input 
multi- 


plexer. Both multiplexers 
also have an inhibit capability; 
that is, 


no data is passed. This is equivalent to a "zero" 
source operand. 


Referring to Figure 1, the ALU R-input multiplexer 
has the RAM 


A-port and the direct data inputs 
(D) connected 
as inputs. 
Like- 


wise, the 
ALU S-input 
multiplexer 
has the 
RAM A-port, 
the 
RAM B-port and the 0 register connected 
as inputs. 


This multiplexer 
scheme gives the capability 
of selecting various 
pairs of the A, B, 0, 0 and "a" inputs as source operands to the 
ALU. These five inputs, when taken two at a time, result in ten 
'possible 
combinations 
of source 
operand 
pairs. These combin- 
ations include AB, AD, AO, AO, BD, BO, BO, DO, DO and 00. 
It is apparent 
that AD, AO and AO are somewhat redundant 
with 


BD, BO and BO in that 
if the A address and B address are the 


same, the identical 
function 
results. Thus, there 
are only se,en 


completely 
non-redundant 
source 
operand 
pairs for the ALU. 


The Am2901 
microprocessor 
implements 
eight of these 
pairs. 


The 
microinstruction 
inputs 
used 
to 
select 
the 
A LU source 


operands 
are the 
10, 11, and 12 inputs. The definition 
of la, 11, 


and 12 for the eight source operand combinations 
are as shown in 
Figure 2. Also shown is the octal code for each ·selection. 


The two source operands 
not fully described as yet are the 0 in- 
put and 0 
input. 
The 0 input is the four-bit 
wide direct data 
field input. 
This port is used to insert all data into the working 


registers inside the device. Likewise, this input can be used in the 
ALU to modify any of the internal data files. The 0 register is a 
separate 
4-bit 
file 
intended 
primarily 
for 
multiplication 
and 


division 
routines 
but it can also be used as an accumulator 
or 
holding register for some appJicat;ons. 


The ALU itself is a high-speed arithmetic/logic 
operator 
capable 
of performing 
three 
binary arithmetic 
and five logic functions_ 


The '3, 14, and 15 microinstruction 
inputs are used to select the 


ALU function_ The definition 
of these inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead carry 
mode. Carry generate, G, and carry propagate, P, are outputs 
of 
the device for use with a carry-Iook-ahead-generator 
such as the 


Am2902. 
A carry-out, 
Cn+4, 
is also generated 
and is available 


as an output 
for use as the carry flag in a status 
register. 
Both 
carry-in 
(Cn) and carry-out 
(Cn+4) are active HIGH. 


The ALU has three other status-oriented 
outputs. 
These are F3' 


F = 0, and overflow (OVR). The F3 output 
is the most significant 
(sign) bit of the ALU and can be used to determine 
positive or 
negative 
results 
without 
enabling 
the 
three-state 
data outputs. 


F3 is non-inverted 
with respect 
to the sign bit output 
Y3' The 
F = a output 
is used for zero detect. 
It is an open-collector 
out- 


put and can be wire OWed between 
microprocessor 
slices. F = a 
is HIGH when all F outputs are LOW_The overflow output 
(OVR) 
is used to flag arithmetic 
operations 
that 
exceed the available 


two's 
complement 
number 
range. The overflow 
output 
(OVR) 
is HIGH when overflow exists. That is, when Cn+3 and Cn+4 are 
not the same polarity. 


The ALU data output 
is routed to several destinations_ It can be a 
data output 
of the device and it can also be stored in the RAM or 


the 0 register. 
Eight possible combinations 
of ALU destination 
functions 
are available as defined 
by the 16, 17, and IS micro· 


instruction 
inputs. These combinations 
are shown in Figure 4. 


The four-bit data output 
field (Y) features three-state 
outputs and 
can be directly 
bus organized. 
An output 
control 
(OE) is used to 


enable the three-state 
outputs. 
When OE is HIGH, the Youtputs 


are in the high-impedance 
state. 


A two-input 
multiplexer 
is also used at the data output 
such that 
either the A-port of the RAM or the ALU outputs 
(F) are selected 
at the device Y outputs. 
This selection is controlled 
by the 16, 17, 


and IS microinstruction 
inputs. Refer to Figure 4 for the selected 


output 
for each microinstruction 
code combination. 


As was discussed 
previously, 
the 
RAM inputs are driven from a 


three-input 
multiplexer. 
This 
allows 
the 
ALU 
outputs 
to be 
entered 
non-shifted, 
shifted up one position (X2) or shifted down 
one position (';-2). The shifter has two ports; one is labeled RAMo 
and the other is labeled RAM3' Both of these ports consist of a 
buffer-driver 
with a three-state 
output 
and an input to the multi- 
plexer. 
Thus, in the shift up mode, the RAM3 buffer is enabled 
and the RAMo multiplexer 
input is enabled. 
Likewise, in the shift 
down mode, the RAMo buffer and RAM3 input are enabled. 
In 


the no-shift 
mode, 
both 
buffers are in the high-impedance 
state 


and the multiplexer 
inputs 
are not selected. 
This shiffer is con- 
trolled from the 16, 17 and 18 microinstruction 
inputs as defined 
in Figure 4. 


Similarly, 
the 0 register is driven from a 3-input 
multiplexer. 
In 
the no-shift mode, the multiplexer 
enters the ALU data into the 


o register. 
In either the shift-up or shift-down 
mode, the multi- 


plexer 
selects the 
0 
register 
data 
appropriately 
shifted 
up or 
down. The 0 shifter also has two ports; one is labeled 00 and the 
other 
is 03. 
The operation 
of these two ports 
is similar to the 


RAM shifter and is also controlled 
from 16, 17, and 18 as shown 


in Figure 4. 


The clock input to the Am2901 controls the RAM, the 0 register, 
and the A and B data latches. When enabled, data is clocked into 
the 0 register on the LOW-to-HIGH transition 
of the clock. When 


the clock input 
is HIGH, the A and B latches are open and will 


pass whatever 
data 
is present 
at the 
RAM outputs. 
When the 
clock 
input 
is LOW, the 
latches are closed and will retain the 


last data entered. 
If the 
RAM-EN is enabled, 
new data will be 


written 
into the RAM file (word) defined by the B address field 
when the clock input is LOW. 
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MICRO CODE 
ALU SOURCE 
OPERANDS 


Mnemonic 
12 
I, 
10 
Octal 
R 
S 
Code 


AQ 
L 
L 
L 
0 
A 
Q 


AB 
L 
L 
H 
1 
A 
B 


ZQ 
L 
H 
L 
2 
0 
Q 


ZB 
L 
H 
H 
3 
0 
B 


ZA 
H 
L 
L 
4 
0 
A 


DA 
H 
L 
H 
5 
0 
A 


DQ 
H 
H 
L 
6 
0 
Q 


DZ 
H 
H 
H 
7 
D 
0 


MICRO CODE 
ALU 
SYMBOL 


Mnemonic 
15 
14 
13 
Octal 
Function 
Code 


ADD 
L 
L 
L 
0 
R Plus 
S 
R+S 


SUBR 
L 
L 
H 
1 
S Minus 
R 
S - 
R 


SUBS 
L 
H 
L 
2 
R Minus 
S 
R-S 


OR 
L 
H 
H 
3 
R OR S 
RV 
S 


AND 
H 
L 
L 
4 
RANDS 
R/\ 
S 


NOTRS 
H 
L 
H 
5 
RAND 
S 
R/\S 


EX OR 
H 
H 
L 
6 
REX-OR 
S 
RVS 


EXNOR 
H 
H 
H 
7 
REX-NOR 
S 
RVS 


MICROCODE 
RAM 
Q·REG_ 
RAM 
0 


FUNCTION 
FUNCTION 
Y 
SHIFTER 
SHIFTER 


Mnemonic 
16 
17 
16 
Octal 
Shift 
Load 
Shift 
Load 
OUTPUT 
RAMo 
RAM3 
00 
Q3 
Code 


QREG 
L 
L 
L 
0 
X 
NONE 
NONE 
F ...•.Q 
F 
X 
X 
X 
X 


NOP 
L 
L 
H 
, 
X 
NONE 
X 
NONE 
F 
X 
X 
X 
X 


RAMA 
L 
H 
L 
2 
NONE 
F ...•.B 
X 
NONE 
A 
X 
X 
X 
X 


RAMF 
L 
H 
H 
3 
NONE 
F ...•.B 
X 
NONE 
F 
X 
X 
X 
X 


RAMQD 
H 
L 
L 
4 
DOWN 
F/2 ...•.B 
DOWN 
0i2 ...•.tl 
F 
Fo 
IN3 
Qo 
IN3 


RAMD 
H 
L 
H 
5 
DOWN 
FIZ ...•.B 
X 
NONE 
F 
Fo 
IN3 
00 
X 


RAMQU 
H 
H 
L 
6 
UP 
ZF ...•.B 
UP 
2Q ...•.Q 
F 
INo 
F3 
INo 
Q3 


RAMU 
H 
H 
H 
7 
UP 
ZF ...•.B 
X 
NONE 
F 
INo. 
F3 
X 
Q3 


x = Don't care. Electrically, 
the shift pin is a TIL 
input 
internaUy 
connected 
to a three-state 
output 
which 
is in the high-impedance 
state 
B = Register 
Addressed 
by B inputs. 


UP is toward 
MSB, 
DOWN 
is toward 
LSB. 


~2'OOCTAL 
0 
, 
2 
3 
4 
5 
6 
7 


° 
CI~ 
T 5 
Source 
A,a 
A,a 
o,a 
O,B 
O,A 
D,A 
D,a 
0,0 
A 
4 
ALU 


l 3 Function 


Cn- 
L 
A+O 
A+B 
0 
B 
A 
D+A 
D+O 
D 


0 
R Plus S 
Cn = H 
A+Q+l 
A+B+l 
0+' 
B+' 
A+, 
D+A+l 
0+0+1 
D+' 


Cn - 
L 
O-A-' 
B-A-l 
0-' 
B-' 
A-' 
A-D-l 
O-D-' 
-D-' 
, 
S Minus 
R 
Cn= 
H 
O-A 
B-A 
0 
B 
A 
A-D 
O-D 
-D 


Cn - 
L 
A-0-1 
A-B-l 
-0-' 
-B-' 
-A-l 
D-A-l 
0-0-1 
D-' 


2 
R Minus 
S 
Cn= 
H 
A-O 
A-B 
-0 
-B 
-A 
D-A 
D-O 
D 


3 
RORS 
AVO 
AVB 
0 
B 
A 
DVA 
DVO 
D 


4 
RANDS 
AI\O 
AI\B 
0 
0 
0 
DI\A 
DI\O 
0 


5 
RANDS 
AI\Q 
AAB 
0 
B 
A 
BAA 
01\0 
0 


6 
REX-OR 
S 
AVO 
AVB 
0 
B 
A 
DVA 
DVO 
D 


7 
REX·NORS 
AvO 
AVB 
Q 
B 
A 
-- 
"5VQ 
[) 
DVA 


There 
are eight 
source 
operand 
pairs available 
to the ALU as 


selected 
by the 
10, 11, and 12 instruction 
inputs. 
The ALU can 


perfo~m 
eight 
functions; 
five logic and three 
arithmetic. 
The 


13, 14, and 
15 instruction 
inputs control 
this function 
selection. 
The carry 
input, 
Cn, also affects 
the ALU results 
when in the 
arithmetic 
mode. The Cn input has no effect in the logic mode. 


When 
10 through 
15 and Cn are viewed together, 
the matrix 
of 


Octal 


1543,1210 
Group 
Function 


40 
AI\Q 


41 
AI\B 


45 
AND 
DI\A 
46 
DI\Q 


30 
AVQ 
31 
OR 
AVB 


35 
DVA 


36 
DVQ 


60 
AltQ 


61 
EX-OR 
AltB 


65 
DltA 


66 
DVQ 


70 
AltQ 


7 1 
AltB 


75 
EX-NOR 
DltA 


76 
DltQ 


72 
Q 


7 3 
INVERT 
B 
74 
A 


77 
0 


62 
Q 


63 
PASS 
B 


64 
A 


67 
D 


32 
Q 


33 
PASS 
B 
34 
A 


37 
D 


42 
0 
43 
"ZERO" 
0 


44 
0 
47 
0 


50 
AI\Q 


51 
MASK 
AI\B 


55 
OI\A 


56 
OI\Q 


Figure 
5 results_ This 
matrix 
fully 
defines 
the 
ALU/source 


operand 
function 
for each state. 


The ALU functions 
can also be examined 
on a "task" 
basis, 


i.e., add, subtract, 
AND, OR, etc. 
In the arithmetic 
mode, the 


carry 
will affect 
the 
function 
performed 
while 
in the 
logic 


mode, 
the 
carry 
will 
have 
no 
bearing 
on the 
ALU output. 


Figure 6 defines 
the various logic operations 
that the Am2901 
can perform 
and 
Figure 
7 shows 
the arithmetic 
functions 
of 


the 
device. 
Both 
carry-in 
LOW (Cn = 0) and 
carry-in 
HIGH 
(Cn = 1) are defined 
in these operations_ 


Octal 
Cn = 0 (Low) 
Cn = 1 (High) 


1543,1210 
Group 
Function 
Group 
Function 


0 
0 
A+Q 
A+Q+1 


0 
1 
ADD 
A+B 
ADD 
plus 
A+B+1 


0 
5 
D+A 
one 
D+A+1 


0 
6 
D+Q 
0+0+1 


0 
2 
Q 
Q+1 


0 
3 
PASS 
B 
Increment 
B+1 


0 
4 
A 
A+1 


0 
7 
D 
0+1 


1 
2 
Q-1 
Q 


1 
3 
Decrement 
B-1 
PASS 
B 


1 4 
A-1 
A 


2 
7 
D-1 
D 


2 
2 
-Q-1 
-Q 


2 
3 
1'5 Camp. 
-B-1 
2'5 Camp. 
-B 


2 
4 
-A-1 
(Negate) 
-A 


1 
7 
-D-1 
-D 


1 
0 
Q-A-1 
Q-A 


1 
1 
Subtract 
B-A-1 
Subtract 
B-A 


1 
5 
(1'5 Camp) 
A-D-1 
(2'5 Camp) 
A-D 


1 6 
Q-D-1 
Q-D 


2 
0 
A-Q-1 
A-Q 


2 
1 
A-B-1 
A-B 


2 
5 
D-A-1 
D-A 


2 
6 
D-Q-1 
D-O 


The 
four 
signals 
G, P, Cn+4, 
and OVR 
are designed 
to indicate 
carry 
and 
overflow 
conditions 
when 
the Am2901 
is in the add 


or subtract 
mode. 
The table 
below 
indicates 
the 
logic 
equations 


for 
these 
four 
signals for 
each of the eight 
ALU 
functions. 
The 
Rand 
S 
inputs 
are 
the 
two 
.inputs 
selected 
according 
to 


Figure 
2. 
I 


Po = Ro + So 
Go = RoSo 


PI = R1 +SI 
G1 = R1S1 


P2 = R2 + S2 
G2 = R2S2 


P3 = R3 + S3 
G3 = R3S3 


C4 = G3 + P3G2 
+ P3P2Gl 
+ P3P2Pl 
GO + P3P2P1 PoCn 


C3 = G2 + P2Gl 
+ P2P1 Go + P2P1 PoCn 


1543 
Function 
P 
G 
Cn+4 
OVR 


0 
R+S 
P3P2P, Po 
G3 + P3G2 + P3P2G,"+ P3P2P, Go 
C4 
C3 't C4 


1 
S-R 
Same as R + S equations, 
but substitute 
Ai for 
Ri in definitions 
~ 


2 
R -S 
• 
Same as R + S equations, 
but substitute Si for Si in definitions 


3 
RVS 
LOW 
P3P2P, Po 
P3P2P, Po + Cn 
P3P2Pl Po + Cn 


4 
R/\S 
LOW 
G3 + G2 + G, + Go 
G3 + G2 + G, + Go + Cn 
G3 + G2 + G, + Go + Cn 


5 
R/\S 
LOW 
.• 
Same as R 1\ S equations, 
but substitute 
Ai for 
Ri in definitions 


6 
R'tS 
-- 
- 
- 
Same as R't 
S, but substitute 
Ri for Ri in definitions 
~ 


7 
R'tS 
G3 + G2 + G, + Go 
G3 + P3G2 + P3P2G1 + P3P2P1Po 
G3 + P3G2 + P3P2G, 
See note 


+ P3P2P, Po (Go + Cn) 


Note: [P2+G2Pl +G2G, PO+G2G, GoCn] 't [1'3+G3P2+G3G2P, +G3G2G,PO+G3G2G1 
GoCn] 


Figure 
8. 


Am2901 
Am2901 A 
Am2901B 
Package Type 
Operating 
Range 
Screening 
Level 


Order Number 
Order Number 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2901PC 
AM2901APC 
AM2901BPC 
P-40 
C 
C-l 
AM2901DC 
AM2901ADC 
AM2901BDC 
D-40 
C 
C-1 
AM2901DC-B 
AM2901ADC-B 
AM2901 BDC-B 
D-40 
C 
B-2 (Note 4) 


AM2901ADM 
AM2901BDM 
D-40 
M 
C-3 
AM2901ADM-B 
AM2901 BDM-B 
D-40 
M 
B-3 
AM2901AFM 
AM2901BFM 
F-42 
M 
C-3 
AM2901 AFM-B 
AM2901 BFM-B 
F-42 
M 
B-3 


AM2901AXC 
AM2901BXC 
Dice 
C 
} 


Visual inspection 


AM2901AXM 
AM2901BXM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded 
DIP, D = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
B for detailed 
outline. Where Appendix 
B contains 
several dash numbers, 
any of the variations 
of the package 
may be used unless otherwise 
specified. 
2. C = O'C to + 70'C, Vcc 
= 4.75V to 5.25V, M = - 
55°C to + 125°C, Vcc 
= 4.50V to 5.50V. 


3. See Appendix 
A for details of screening. 
Levels C-1 and C-3 conform 
to MIL-STD-883, 
Class C. Level B-3 conforms 
to MIL- 
STp-883, 
Class B. 


4. 96 hour burn-in. 


" 
RAM3 


RAMO 
9 


Vec 
10 


GND 
F -0 
11 


10 
12 
1113 
12 
,. 


CP 
15 


03 
16 
Bo 
17 
81 
18 
82 
19 


83 
20 
"0 
21 
03 
22 


Am2901B 


DIE SIZE 0.117" X 0.128" 


Qo 
RAMO 


40 
De 


39 
Y, 
,. Y, 


3' 
Y, 
39 ~ 
35 , 


34 
OVR 


33 
en-t4 


32 
G 


31 
F, 


30 
GND 


29 
.Co 
29 '. 
27 
'5 
,. 


" 


25 
DO 


24 
0, 


2' 
0, 


CONNECTION 
DIAGRAM 
Top View 
FLAT 
PACK CONNECTIONS 


Top View 


" 
~ 


" 
" 
YJ 
" 
., 
Y, 
RAM] 


'0 
Y, 
NC 


" 
Yo 
RAMO 


" 
• 
YCC 


" 


OVR 
F-O 


RAM3 
'n'4 
'0 


RAMO 
G 
" 
VCC 
FJ 


" 


F-O 
GND 
CLOCK 
'0 
Co 
NC 


" 
'. 
0, 


" 
" 
'0 


C, 


" 
" 
a, 
00 
" 
'0 
0, 
" 


Co 
" 
0, 
"0 
'. 
" 
0, 
OJ 


" 
" 


00 
0, 


" 
0, 
DO 


MPR-006 
MPR-007 


The four data outputs. These are three-state output lines. 
When enabled, they display either the four outputs of the 
ALU or the data on the A-port of the register stack, as 
determined by the destination code 1678" 


Output Enable. When OE is HIGH, the Y outputs are OFF; 
when OE is LOW, the Y outputs are active (HIGH or 
LOW). 


The carry generate and propagate outputs of the internal 
ALU. These signals are used with the Am2902 for carry- 
lookahead. 


Overflow. This pin is logically the Exclusive-OR of the 
carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the 
result of an arithmetic two's complement operation has 
overflowed into the sign-bit. 


This is an open collector output which goes HIGH (OFF) if 
the data on the four ALU outputs FO-3 are all LOW. In 
positive logic, it indicates the result of an ALU operation is 
zero. 


The four address inputs to the register stack used to 
select one register whose contents are displayed through 
the A-port. 


The four address inputs to the register stack used to 
select one register whose contents are displayed through 
the B-port and into which new data can be written when 
the clock goes LOW. 


The nine instruction control lines. Used to determine what 
data sources will be applied to the ALU (1012), what func- 
tion the ALU will perform (1345), and what data is to be 
deposited in the O-register or the register stack (1678), 


A shift line at the MSB of the 0 register (03) and the 
register stack (RAM3). Electrically these lines are three- 
state outputs connected to TTL inputs internal to the 
device. When the destination code on 1678indicates an up 
shift (octal 6 or 7) the three-state outputs are enabled and 
the MSB of the 0 register is available on the 03 pin and 
the MSB of the ALU output is available on the RAM3 pin. 
Otherwise, the three-state outputs are OFF (high-imped- 
ance) and the pins are electrically LS-TTL inputs. When 
the destination code calls for a down shift, the pins are 
used as the data inputs to the MSB of the 0 register (octal 
4) and RAM (octal 4 or 5). 


Shift lines like 03 and RAM3, but at the LSB of the 
O-register and RAM. These pins are tied to the 03 and 
RAM3 pins of the adjacent device to transfer data be- 
tween devices for up and down shifts of the 0 register and 
ALU data. 


Direct data inputs. A four-bit data field which may be 
selected as one of the AL U data sources for entering data 
into the device. Do is the LSB. 


The most significant ALU output bit. 


The carry-in to the internal ALU. 


The carry-out of the internal ALU. 


The clock input. The 0 register and register stack outputs 
change on the clock LOW-to-HIGH transition. The clock 
LOW time is internally the write enable to the 16 x 4 RAM 
which compromises the "master" latches of the register 
stack. While the clock is LOW, the "slave" latches on the 
RAM outputs are closed, storing the data previously on 
the RAM outputs. This allows synchronous master-slave 
operation of the reQister stack. 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Tefnperature 


Temperature (Ambient) 
Under Bias 


Supply Voltage to Ground Potential 


DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage 


DC Output Current, Into Outputs 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-0.5 
V to +7.0 V 


-0.5 
V to +Vcc max. 


-0.5 
V to +5.5 V 


30mA 


-30 
mA to +5.0 mA 


Part Number 
Suffix 


PC, PCB, 
OC,OC8 
4,75V to 5.25V 
TA = D'C to +7D'C 


XC 


OM,OMB 
FM, FMB 
4.5DVto 5.5DV 
Tc = -55'C to +125'C 


XM 


Notes on Testing 


Incoming test procedures on this device should be carefully 
planned, taking into accountthe high complexity and power levels 
of the part. The following notes may be useful. 


1. Insure the part is adequately decoupled atthe test head. Large 


changes in Vcc current as the device switches may cause 
erroneous function failures due to Vcc changes. 
2. Do not Il;laveinputs floating during any tests, as they may start 


to oscillate at high frequency. 


3. Do not attempt to perform threshold tests at high speed. 


Followirlg an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
may allow the ground pin at the device to rise by 100'S of 
millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 


inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach VILor 
VIH until the noise has settled. AMD recommends using V1L•• 
DAV and VIH '" 2AV for AC tests. 


5. To simplify failure analysis, programs should be designed to 


perform DC, Function, and AC tests as three distinct groups of 
tests. 
6. To assist in testing, AMD offers complete documentation on 


our test procedures and, in most cases, can provide Fairchild 
Sentry programs, under license. 


IOH: 
-1.6mA 
2.4 


YO, Y" 
Y2, Y3 


VCC = MIN. 


IOH : -1.0mA, 
Cn+4 
2.4 


VOH 
Output 
HIGH 
Voltage 
IOH - -800j.lA, 
OVR, P 
2.4 
Volts 
VIN = VIH or VIL 
IOH = -600j.lA, 
F3 
2.4 


IOH' 
-6ooj.lA 
2.4 
RAMO, 3, 00, 3 


10H - -1.6mA, 
G 
2.4 


Output 
Leakage Current 
VCC - MIN., VOH - 5.5V 
250 
j.lA 
ICEX 
for F :::a Output 
VIN = VIH or VIL 


IOL - 20mA 
(COM'L) 
0.5 


VCC=MIN., 
YO, Y" 
Y2, Y3 
IOL - '6mA 
(MiLl 
0.5 


VOL 
Output 
LOW Voltage 
VIN: 
VIH 
G, F = 0 
10L - '6mA 
0.5 


or \IlL 


Volts 
Cn+4 
10L = 10mA 
0.5 


OVR,P 
IOL = 8.0mA 
0.5 


F3' RAMO, 3, 
IOL = 6.0mA 
0.5 


00,3 


VIH 
Input HIGH 
Level 
Guaranteed input logical HIGH 
2.0 
Volts 
voltage for all inputs 
(Note 
7) 


VIL 
Input LOW Level 
Guaranteed input logical LOW 
0.8 
Volts 
voltage for all inputs 
(Note 
7) 


VI 
Input Clamp Voltage 
VCC = MIN., IIN - -18mA 
-1.5 
Volts 


Clock, OE 
-0.36 


AO, A" 
A2' A3 
-0.36 


80,8,,82,83 
-0.36 


IlL 
Input LOW Current 
VCC = MAX., VIN = 0.5V 
DO, Dl' 
D2' D3 
-0.72 
mA 


10,11,12,16,18 
0.36 


13,14, '5, 17 
-0.72 


RAMO, 3, 00, 3 (Note 41 
-0.8 


Cn 
-3.6 


Clock, DE 
20 


AO, A" 
A2' A3 
20 


BO,B" 
B2' B3 
20 


IIH 
Input HIGH 
Current 
DO, Dl' 
D2' D3 
40 
j.lA 
VCC = MAX., VIN : 2.7V 


10,1,,12,16,18 
20 


13,14, IS, 17 
40 


RAMO, 3, 00, 3 (Note 41 
100 


Cn 
200 


II 
Input HIGH 
Current 
VCC = MAX., VIN = 5.5V 
1.0 
mA 


YO' Y" 
Va = 2.4V 
50 


Y2, Y3 
Va = 0.5V 
-50 


IOZH 
Off State (High Impedance) 
VCC= MAX. 
Va - 2.4V 


'00 
j.lA 
10ZL 
Output 
Current 
RAMO, 3 
(Note 4) 


00,3 
Vo = 0.5V 
-800 


(Note 41 


YO' Y" 
Y2, Y3, G 
-30 
-85 


10S 
Cn+4 
-30 
85 
mA 
Output 
Short Circuit Current 
VCC = MAX. + 0.5V, Vo = 0.5V 
OVR, P 
30 
85 
(Note 31 


F3 
-30 
-85 


RAMO, 3, 00, 3 
30 
85 


COM'L 
and 
MI L 
TA - 25°C 
160 
250 


TA = aOc to +70°C 
265 


Power Supply Current 
VCC= MAX. 


COM'L 
Only 
TA=+70°C 
220 
ICC 
mA 
(Note 6) 
(See Fig. 11) 
TC = -5SoC 
to 


MIL 
Only 
+12SoC 
280 


TC = +'25°C 
198 


Notes; 
1. 
For 
conditions 
shown 
as MIN. 
or 
MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. Typical 
limits 
are 
at VCC 
= 5.0V, 
25°C 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of 
the 
shoTt 
circuit 
test 
should 
not 
exceed 
one 
second. 


4. 
Thoso 
aro thrQD-$tdt~ 
outputs 
Intern8lty 
connected 
to 
TTL 
inputs. 
Input 
characteristics 
are 
measured 
with 
1678 in a state 
such that 
the 
three- 


state 
output 
is OFF. 
5. "MIL" 
= Am2901 
XM, DM, FM. "COM'L" 
~ Am2901 
XC, PC, DC. 


6. 
Worst 
case ICC 
is at minimum 
temperature. 
7. These 
input 
levels 
provide 
zero 
noise 
immunity 
and 
should 
only 
be tested 
in a static. 
noise-free 
environment. 


Am2901 • 2901A •.Am2901 B 


I. Am2901B Guaranteed Commercial 
Range Performance 


The 
tables 
below 
specify 
the 
guaranteed 
performance 
of the 
Am2901 
B over the commercial 
operating 
range 
of O°C to + 70°C, 


with 
Vcc 
from 
4.75V 
to 5.25V. 
All data 
are 
in ns, with 
inputs 
switching 
between 
OV and 3V at 1V/ns and measurements 
made 


at 1.5V. 
All outputs 
have 
maximum 
DC load. 


This 
data 
applies 
to the following 
part 
numbers: 
Am2901BPC 
Am2901BDC 


Read-Modify-Write 
Cycle (from selection of A. B registers 
69ns 
to end of cycle.) 


Maximum Clock Frequency to shift Q (5017, duty cycle. 
16MHz 
I = 432 or 632) 


Minimum Clock LOW Time 
30ns 


Minimum Clock HIGH Time 
30ns 


Minimum Clock Period 
69ns 


B. 
Combinational 
Propagation 
Delays. 


CL 
= 50pF 


~ 
RAMO 
00 
From 
Input 
Y 
F3 
Cn+4 
G,P 
F=O 
OVR 
RAM3 
03 


A, B Address 
60 
61 
59 
50 
70 
67 
71 
- 


D 
38 
36 
40 
33 
48 
44 
45 
- 


Cn 
30 
29 
20 
- 
37 
29 
38 
- 


1012 
50 
47 
45 
45 
56 
53 
57 
- 


1345 
51 
52 
52 
45 
60 
49 
53 
- 


1678 
28 
- 
- 
- 
- 
- 
27 
27 


A Bypass ALU 
37 
- 
- 
- 
- 
- 
- 
- 
(I = 2XX) 


ClockS 
49 
48 
47 
37 
58 
55 
59 
29 


CP: 
---' ~ 
7r- 


Input 
---- 


Set-up 
Time 
Hold 
Time 
Set-up 
Time 
Hold 
Time 
Before 
H ....• L 
After 
H ....• L 
Before 
L ....• H 
After 
L ....• H 


A. B Source Address 
20 
o (Note 3) 
69 (Note4) 
0 


B Destination 
15 
Do Not 
Change 
0 
Address 


D 
- 
- 
51 
0 


Cn 
- 
- 
39 
0 


1012 
- 
- 
56 
0 


1345 
- 
- 
55 
0 


1678 
11 
Do Not 
Change 
0 


RAMO, 3, QO. 3 
- 
- 
16 
0 


D. 
Output 
Enable/Disable 
Times. 


Output 
disable 
tests 
performed 
with 
CL = 5pF 
and 
measured 
to O.5V change 
of output 
voltage 
level. 


Notes: 
1. A dash indicates a propagation 
delay path or set-up time constraint does not exist. 


2. 
Certain signals must be stable durin9 the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase "do not change". 


3. Source addresses 
must be stable prior to the clock H ~ 
L transition to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is not a destination; i.e. if data is not being written back into the RAM. Normally 
A and B are not changed 
during 
the clock 
LOW time. 


4. The set-up time prior to the clock L ....•H transition is to allow time for data to be accessed, passed through the ALU, and returned to the RAM. II 
includes all the time from stable A and B addresses to the clock L ....•H transition, 
regardless 
of when the clock H ....•L transition occurs. 


II. Am2901B Guaranteed Military 


Range Performance 


The 
tables 
below 
specify 
the 
guaranteed 
performance 
of the 


Am2901 
B oVlilr the military 
operating 
range 
of -55°C 
to + 125°C, 
with V cc from 4.5V to 5.5V. 
All data are in ns, with inputs 
switch- 


ing between 
OV and 
3V at 1V/ns 
and 
measurements 
made 
at 


1.5V. All outputs 
have 
maximum 
DC load. 


This 
data 
applies 
to the following 
part 
numbers: 
Am2901BDM 


Am2901BFM 


Read-Modify-Write 
Cycle (from selection of A, B registers 
.B8ns 
to end of cycle. 


Maximum 
Clock Frequency 
to shift a (507< duty cycle, 
15MHz 
I = 432 or 632) 


Minimum 
Clock LOW Time 
30ns 


Minimum 
Clock HIGH Time 
30ns 


Minimum Clock Period 
88ns 


B. 
Combinational 
Propagation 
Delays. 


CL 
= 50pF 


~ 


RAMO 
00 


From 
Input 
Y 
F3 
Cn+4 
G,P 
F=Q 
OVR 
RAM3 
03 


A, B Address 
82 
84 
80 
70 
90 
86 
94 
- 


D 
44 
38 
40 
34 
50 
45 
48 
- 


Cn 
34 
32 
24 
- 
38 
31 
39 
- 


1012 
53 
50 
47 
46 
65 
55 
58 
- 


1345 
58 
58 
58 
48 
64 
56 
55 
- 


1678 
29 
- 
- 
- 
- 
- 
27 
27 


A Bypass ALU 
50 
- 
- 
- 
- 
- 
- 
- 
(I = 2XX) 


ClockS 
53 
50 
49 
41 
63 
58 
61 
31 


CP: 
-.- 
....., "- 


Input 
--- 
I-- 


Set-up 
Time 
Hold 
Time 
Set-up 
Time 
Hold 
Time 
Before 
H ~ 
L 
After 
H ~ 
L 
Before 
L ~ 
H 
After 
L ~ 
H 


A, B Source Address 
30 
o (Note 3) 
88 (Note 4) 
0 


B Destination 
Do Not 
Change 
0 
Address 
15 


D 
- 
- 
55 
0 


Cn 
- 
- 
42 
0 


1012 
- 
- 
58 
0 


1345 
- 
- 
62 
0 


1678 
14 
Do Not Change 
0 


RAMO, 3, 00. 3 
- 
- 
18 
3 


D. 
Output 
Enable/Disable 
Times. 


Output 
disable 
tests 
performed 
with 
CL = 5pF 
and 


measured 
to O.5V change 
of output 
voltage 
level. 


Input 


OE 


Output 


y 


Enable 


40 


Disable 


25 


Notes: 
1. A dash indicates a propagation 
delay path or set-up time constraint does not exist. 


2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by the phrase "do not change". 
3. Source addresses 
must be stable prior to the clock H ~ 
L transition to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is not a destination; Le. if data is not being written back into the RAM. Normally 
A and B are not changed 
during 
the clock 
LOW time. 
4. The set-up time prior to the clock L ~ 
H transition is to allow time for data to be accessed, passed through the ALU, and retumed to the RAM, It 
includes all the time from stable A and B addresses 
to the clock L ~ 
H transition, 
regardless 
of when the clock H ~ 
L transition occurs. 


The Am2901B meets or exceeds all of the specifications for the earlier Am2901A. 
Parts may still be ordered and marked as Am2901A. 


IV. Am2901A Guaranteed 
Military Range Performance 


The Am2901B meets or exceeds all of the specifications for the earlier Am2901A. 


Parts may still be ordered and marked as Am2901A. 


V. Am2901 Guaranteed 
Commercial 
Range Performance 


The Am2901B meets or exceeds all of the specifications of the Am2901. 


Parts may still be ordered and marked as Am2901. 


Speeds used in calculations for parts other than Am2901 Bare 
representative for available MSI parts-. 
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Speeds used in calculations for parts other than Am2901 Bare 
representative for available MSI parts. 
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'5 
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Vcc 


CP 
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'4 
11 
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26 
'3 
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2S 
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'5 
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OVR 
0. 
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Cn+4 
3' 
Vcc 
F3 
16 
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RAM3 


GND 
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A, 
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Vo 
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V2 
V3 


1k 
36 
37 
38 
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Vcc 
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Vcc 
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270 
270 


Vcc 
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Vcc 
~ 5.0V 
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= 100KHz 


TA~125°C 


This circuit conforms 
to MI L·STD·883, 
method 
1015, 
condition 
D. 


Figure 14. 
Life Test and Burn-in Circuit for Military Class B Parts. 
(Contact 
Factory 
for Commercial 
Burn-in Conditions) 


USING THE Am2901 


BASIC SYSTEM ARCHITECTURE 


The 
Am2901 
is designed 
to 
be 
used 
in microprogrammed 


systems. 
Figure 
15 illustrates 
such an architecture. 
The nine 
instruction 
lines, 
the 
A and 
B addresses, 
and 
the 
D data 


input< 
normally 
will all come 
from 
registers 
clocked 
at the 


same time 
as the 
Am2901. 
The 
register 
inputs 
come from 
a 


ROM or 
PROM 
- 
the 
"microprogram 
store". 
This memory 


contains 
sequences 
of microinstructions, 
typically 
28 to 40 


bits 
wide, 
which 
apply 
the 
proper 
control 
signals 
to 
the 
Am2901 's and other circuits to execute 
the desired operation. 


The aqdress 
lines of the microprogram 
store are driven 
from 


the Am2910 
microprogram 
seque'ncer. 
This device has facilities 
for storing an address, incrementing 
an address, jumping 
to any 


address, 
and linking subroutines. 
The Am291 0 is controlled 
by 


some of the bits coming 
from the microprogram 
store. 
Essen- 
tially these bits are the "next 
instruction" 
control. 


Note that with the microprogram 
register in-between 
the micro- 


program 
memory 
store 
and 
the 
Am2901's, 
an 
instruction 


accessed 
on one cycle 
is executed 
on the next cycle. As one 
instruction 
is executed, 
the next instruction 
is being read from 


microprogram 
memory. 
In this configuration, 
system 
speed 
is 
improved 
becausp. the execution 
time in the Am2901's 
n"""r< 
in parallel 
with 
the 
access time 
of the 
microprogram 
store, 
Without 
the 
"pipeline 
register", 
these 
two 
functions 
must 


occur 
serially. 


The Am2901 
is a four-bit 
CPU slice. Any number 
of Am2901's 
can 
be interconnected 
to 
form 
CPU's 
of 12, 
16, 24, 36 or 


more 
bits, 
in four-bit 
increments. 
Figure 
16 illustrates 
the 


interconnection 
of three 
Am2901's 
to 
form 
a 12-bit 
CPU, 


using ripple carry. 
Figure 17 illustrates 
a 16-bit CPU using carry 


lookahead, 
and 
Figure 
18 
is the 
general 
carry 
lookahead 


scheme 
for 
long words. 


With the exception 
of the carry interconnection, 
all expansion 


schemes 
are 'the same. 
Refer to Figure 
16. The 03 and RAM3 
pins are bidirectional 
left/right 
shift 
lines at the MSB of the 


device. 
For all devices except 
the most significant, 
these 
lines 


are connected 
to the 00 
and RAMo pins of the adjacent 
more 


significant 
device. 
These 
connections 
allow the O-registers 
of 


all Am2901's 
to be shifted 
left or right as a contiguous 
n-bit 
register, 
and also allow the ALU output 
data to be shifted 
left 


or right as a contiguous 
n-bit word prior to storage 
in the RAM. 
At 
the 
LSB and 
MSB of the 
CPU, the 
shift 
pins should 
be 


connected 
to three-state 
multiplexers 
which 
can be controlled 


by the microcode 
to select the appropriate 
input signals to the 


shift inputs. 
(See Figure 19) 


The 
open 
collector 
F ~ 0 outputs 
of all the 
Am2901 's are 


connected 
together 
and to a pull-up 
resistor. 
This line will go 


HIGH if and only if the output 
of the ALU contains 
all zeroes. 


Most 
systems 
will 
use this 
line as the 
Z (zero) 
bit 
of 
the 


processor 
status 
word. 


The overflow 
and F3 pins are generally 
used only at the most 


significant 
end 
of the 
array, 
and are meaningful 
only 
when 
two's 
complement 
signed arithmetic 
is used. The overflow 
pin 


is the 
Exclusive-a 
R of the 
carry-in 
and carry-out 
of the sign 


bit 
(MSB). It will go HIGH when the result 
of an arithmetic 


°0_3 
°4_7 
°8_'1 


"0'10 
"0 
0 
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"0 
0 
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0 
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RAMO 1/0 
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Cn 
C••• 
Cn 
Cn 
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Figure 16. Three Am2901's 
used to Construct 
12-Bit CPU with Ripple Carry. 
Corresponding 
A, B, and 
I Pins on all Devices are Connected 
Together. 


operation 
is a number 
requiring 
more bits than 
are available, 


causing 
the sign bit to be erro.neous. 
This is the overflow 
(V) 


bit of the processor 
status word. The F3 pin is the MSB of the 


ALU output. 
It is the sign of the result 
in two's 
complement 


notatior, 
and should 
be used as the 
Negative 
(N) bit of the 


processor 
status 
word. 


The carry-out 
from the most significant 
Am2901 
(Cn+4 pin) is 


the carry-out 
from the array, and is used as the carry (Cl bit of 


the processor 
status word. 


Carry 
interconnections 
between 
devices may use either 
ripple 


carry 
or 
carry 
lookahead. 
For 
ripple 
carry, 
the 
carry-out 


(Cn+4) of each device is connected 
to the carry-in 
(Cn) of the 
next more significant 
device. Carry lookahead 
uses the Am2902 
lookahead 
carry generator. 
The scheme 
is identical 
to that used 


with 
the 
74181/74182. 
Users unfamiliar 
with 
this technique 
should 
refer 
to AMD's 
application 
note on Arithmetic 
Logic 


Units. 
Figures 
17 and 
18 illustrate 
single and 
multiple 
level 
lookahead. 


°0_3 
°4_7 
°8_11 
°12_15 


""I/O 


"" 
a, 
"0 
a, 
"0 
a, 
"0 
a, 
°151/0 


RAMO I/O 
RAMO 
RAM3 
RAM. 
RAM3 
RAMO 
RAM3 
RAMO 
RAM, 
RAM'SI/O 


G 
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Figure 18. Carry 
Lookahead 
Scheme 
for 48-Bit 
CPU Using 12 Am2901s. 
The Carry-Out 
Flag (C4S) Should 


be Taken 
From the 
Lower Am2902 
Rather 
Than the 
Right-Most 
Am2901 
for Higher Speed. 
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t- a: 
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SHIFT 
110 LINES AT THE END OF THE ARRAY 


The Q-register 
and 
RAM left/right 
shift 
data 
transfers 
occur 


between 
devices 
over bidirectional 
lines. At the 
ends 
of the 
array, three-state 
multiplexers 
are used to select what the new 
inputs 
to the registers 
should 
be during shifting. 
The Am2904 


includes 
these 
multiplexers 
in a single 
LSI chip. 
Figure 
19 


shows two Am25 LS253 dual four-input 
multiplexers 
connected 


to 
provide 
four 
shift 
modes. 
Instruction 
bit 
17 
(from 
the 
Am2901) 
is used to select whether 
the left-shift 
multiplexer 
or 
the 
right-shift 
multiplexer 
is active. 
The four 
shift 
modes 
in 


this example 
are: 


Zero 
A LOW is shifted 
into the 
MSB of the 
RAM on a 
down 
shift. 
If the Q-register 
is also shifted, 
then a 
LOW is deposited 
in tJ1e Q-register 
MSB. If the 
RAM or both 
registers 
are shifted 
up, 
LOWs are 
placed in the LSBs. 


One 
Same as zero, but a HIGH level is deposited 
in the 


LSB or MSB. 


Rotate 
A si"ngle precision 
rotate. 
The 
RAM 
MSB shifts 


into 
the 
LSB on a right 
shift 
and the 
LSB shifts 


into 
the 
MSB on 
a left 
shift. 
The 
Q-register, 
if 
shifted, 
will rotate 
in the same manner. 


Arithmetic 
A 
double-length 
Arithmetic 
Shift 
if 
Q is also 


shifted. 
On an up shift 
a zero 
is loaded 
into the 


Q-register 
LSB and the 
Q-register 
MSB is loaded 


into the RAM LSB. On a down shift, the RAM LSB 
is loaded 
into 
the 
Q-register 
MSB and 
the 
ALU 
output 
MSB (Fn, the 
sign bit) 
is loaded 
into the 


RAM MSB. (This same bit will also be in the next 
less significant 
RAM bit.) 


Code 
Source of New Data 
Shift 
Type 
17 
S1 
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00 
Qn 
RAMO 
RAMn 


H 
L 
L 
0 
Qn-1 
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Fn-1 
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Zero 
H 
L 
H 
1 
Qn-1 
1 
Fn-1 
One 
H 
H 
L 
Qn 
Qn-1 
Fn 
Fn-1 
Rotate 
H 
H 
H 
0 
Qn-1 
Qn 
Fn-1 
Arithmetic 


L 
L 
L 
Q1 
0 
F1 
0 
Down 
Zero 
L 
L 
H 
Q1 
1 
F1 
1 
One 
L 
H 
L 
Q1 
Qo 
F1 
Fo 
Rotate 
L 
H 
H 
Q1 
Fo 
F1 
RAMn = RAMn-1 = Fn 
Arithmetic 


Figure 20 illustrates 
the interconnections 
for a hardware 
mul- 
tiplication 
using 
the 
Am2901. 
The 
system 
shown 
uses two 


devices 
for 8 x 8 multiplication, 
but the expansion 
to more 
bits 
is simple 
- 
the 
significant 
connections 
are at the 
LSB 


and 
MSB only. 


The basic technique 
used is the "add and shift" 
algorithm. 
One 
clock cycle is required 
for each bit of the multiplier. 
On each 


cycle, the LSB of the multiplier 
is examined; 
if it is a ''1'', 
then 


the 
multiplicand 
is added 
to the 
partial 
product 
to generate 
a new partial 
product. 
The partial 
product 
is then shifted 
one 


place toward 
the .LSB, and the 
multiplier 
is also shifted 
one 


place 
toward 
the 
LSB. 
The 
old 
LSB 
of 
the 
multiplier 
is 
discarded. 
The cycle is then 
repeated 
on the new LSB of the 


multiplier 
available at Qo. 


The multiplier 
is in the Am2901 
Q-register. 
The multiplicand 


is in one of the registers 
in the register stack, 
Ra. The product 


will be developed 
in another 
of the registers 
in the stack, 
Rb. 


The A address 
inputs 
are used to address 
the multiplicand 
in 
Ra, and the 
~ address 
inputs 
are used to address 
the partial 


product 
in Rb. On each cycle, Ra is conditionally 
added to Rb, 
depending 
on the 
LSB of 0 as read from the 00 output, 
and 
both 0 and the ALU output 
are shifted 
down 
one place. The 
instruction 
IlIlles to the Am2901 
on every cycle will be: 


4 
o 


1 or 3 


(shift register stack input and 0 register left) 
(Add) 
(select A, B or 0, B as ALU sources) 


Figure 
20 
snows 
the 
connections 
for 
multiplication. 
The 
circled numbers 
refer to the paragraphs 
below. 


1. The adjacent 
pins of the 
O-register 
and 
RAM shifters 
are 
connected 
Itogether 
so that 
the O-registers 
of both 
(or all) 


Am2901s 
rhift 
left or right as a unit. Similarly, 
the entire 
eight-bit 
(or 
more) 
ALU output 
can be shifted 
as a unit 


prior to storage 
in the register stack. 


Figure 20. 
Interconnection 
for Dedicated 
Multiplication 


(8 by 8 Bit) (yorresponding 
A, B and I Connected 
Together). 


2. The shift 
output 
at the 
LSB of the 
O-register 
determines 


whether 
the 
ALU source 
operands 
will be A and 
B (add 


multiplicand 
to partial 
product) 
or 0 and B (add nothing 
to 


partial 
product. 
Instruction 
bit I, can select 
between 
A, B 
or 0, B as the 
source 
operands; 
it can be driven 
directly 


from the complement 
of the LSB of the multiplier. 


3. As the 
new 
partial 
product 
appears 
at the 
input 
to the 
register 
stack, 
it is shifted 
left by the RAM shifter. 
The new 


LSB of the partial 
product, 
which 
is complete 
and will not 


be affected 
by future 
operations, 
is available on the RAMo 


pin. This signal is returned 
to the MSB of the O-register. 
On 
each 
cycle 
then, 
the just-completed 
LSB of the product 
is 


deposited 
in the 
MSB of the O-register; 
the O-register 
fills 
with the least significant 
half of the product. 


4. As the ALU output 
is shifted 
down 
on each cycle, the sign 


bit ·of the 
new partial 
product 
should 
be inserted 
in the 


RAM 
MSB shift 
input. 
The 
F3 flag will 
be the 
correct 
sign of the partial 
product 
unless overflow 
has occurred. 
If 
overflow 
occurs during an addition 
or subtraction, 
the OVR 


flag will go HIGH and 
F3 is not fhe sign of the result. The 
sign of the result must then 
be the complement 
of F3. The 
correct 
sign bit to shift into the MSB of the partial 
product 
is therefore 
F3 
Ell OVR; 
that 
is, F3 
if overflow 
has not 
occurred 
and F3 if overflow 
has occurred. 
On the last cycle, 


when the MSB of the 
multiplier 
is examined, 
a conditional 
subtraction 
rather 
than 
addition 
should 
be 
performed, 


because 
the sign bit of the multiplier 
carries negative rather 


than positive arithmetic 
weight. 


Th is 
scheme 
will 
produce 
a correct 
two's 
complement 
product 
for 
all 
multiplicands 
and 
multipliers 
in two's 
complement 
notation. 


Figure 21 is a table showing the input states of the Am2901 
for each step of a signed, two's complement 
multiplication. 


The Am2904 
LSI chip conveniently 
implements 
the required 
shift linkages and the EX-OR function 
for this algorithm. 


0 
MUltiplier 
0 
Multiplier 
, Multiplicand 
1 
Multiplicand 


2 
X 
2 
LSH Product 


3 
X 
3 
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S,F- 
0 
Description 
Pin States (Octal) 
Jump 


Repeat 


A 
B 
1876 
1543 
1210 
Cn 
00 
a3 
RAMo 
RAM3 
To 
If 


OVA 
a 
Move Multiplier 
to Q 
- 
0 
X 
0 
3 
4 
X 
X 
X 
X 
X 


DAB 
B 
Clear R3 
- 
X 
3 
2 
4 
3 
X 
X 
X 
X 
X 


(0+B)/2 
B 
Condo Add & Shift 
n-1 
1 
3 
4 
0 
lor 
3 
0 
RAMO 
F3VOVR 
(A+BI/2 
I, = OoLD 
- 
- 


(B-0)/2 
B 
Cond 
SuOt. & Shift 
- 
, 
3 
4 
1 
lor 
3 
, 
- 
RAMo 
- 
F3VOVR 
IB-A)/2 
I, =OoLO 


ova 
B 
Move LSH Prod. to R2 
- 
X 
2 
2 
3 
2 
X 
X 
X 
X 
X 


B/5/75 


Hardware Division 


Division, 
unlike multiplication, 
is much more difficult 
to 
realize. One of these difficulties can be easily understood by 
visualizing a 2n-bit Dividend (X) and an n-bit Divisor (V).The 
Quotient (Q) can range from 1 bit (when X '" V) to 2 n bits 
(when V = 1),discarding the attemptto divide by O.ln most of 
the divide functions, the Remainder (R)is asimportantto find 
as is the Quotient - there is no equivalent to it in multiplica- 
tion. Division becomes even more complicated when nega- 
tive nJmbers are represented in the 2's complement nota- 
tion. In the "everyday" 
decimal system, using Sign-and- 
Magnitude notatiC'n, dealing with negative numbers is rela- 
tivelyeasy: 
The sign ofthe quotient is determined first and 
then a normal division is performed. Note that in this "nor- 
mal" division we first "guess" the first digit ofthe quotient by 
comparing the most significant part of tbe dividend to the 
divisor. Then verify our guess by a multiplication (no "direct" 
division method is known), and continue to do so for all ofthe 
other digits, shifting the divisor to the right one place at a 
time. 


The most straightforward 
division 
scheme (for unsigned 
numbers) is Subsequent Subtraction. The algorithm 
is as 
follows: 
Subtract divisor from dividend and increment a 
counter (initially reset to zero). Continue to do so as long as 
the Remainder is positive. When the Remainder becomes 
negative, cancel the last step; i.e., add back divisor and de- 
crement counter. The counter will contain the Quotient and 
the Remainder will be correct. The main drawback of this 
scheme is, of course, the great number of arithmetic opera- 
tions needed. Again, when dealing with signed numbers, the 
subtraction should be substituted by addition and vice versa. 


A more rapid division can be realized by calculating the 
Quotient digits instead of counting them. In this algorithm, 
the divisor is first subtracted from the most significant part of 
the dividend. Ifthe remainder is positive, the quotient digit is 
"1 ", otherwise the subtraction is cancelled (by.adding the 


divisor to the remainder) and the quotient digit will be "0". 
Now shift the remainder one place to the right (much like you 
do in a "paper and pencil" division) and repeat until all the 
quotient digits have been calculated. This algorithm is called 
"Restoring Division". When signed numbers are involved, 
inversion of the operations and the quotient digits will be 
necessary and correction 
should be performed 
in some 
cases. Some time is wasted in the Restoring Division be- 
cause for every "0" 
digit in the quotient, two arithmetic 
operations 
are needed. This can be saved in the "Non- 
Restoring Division". 


The basis of Non-Restoring Division is the same as in Restor- 
ing Division. Consider first 
unsigned (positive) 
numbers 
only. At the beginning, the divisor is subtracted from the 
most significant part of the dividend. If the result (first re- 
mainder) is positive (or zero), the first quotient digit is "1 ". 
Otherwise, the quotient digit is "0", but do not restore! Shift 
divisor one place to the right (or remainder to the left) and 
add if last quotient digit was "0"; otherwise subtract. Deter- 
mine quotient digit as before and continue until all quotient 
digits have been computed. The remainder will be correct if it 
is non-negative, otherwise correction is I]eeded by a restor- 
ing operation (on the remainder only). Extreme care should 
be taken of the number of bits and the value of the divisor. 
Assuming the divisor has n bits and the dividend as 2n bits, 
the above process develops n+1 bits of the quotient. This 
will not be sufficient if the MSB of the divisor is "0" (which 
means that the divisor is a small number and more digits are 
needed in the quotien!). Although this condition can be eas- 
ily detected as overflow will occur in the first subtraction, it 
can be avoided by aligning the first "1" of the divisor to the 
MSB of the dividend 
(by shifting the divisor left until all 
leading zeros are discarded) before performing the first sub- 
traction. Ample space should be provided for the additional 
bits of the quotient. Note that leading zeros in the dividend 
do not disturb the normal operation. The flow chart for un- 
signed non-restoring division is shown in Figure 22. 


The unsigned1division scheme can be applied to signed I'osi- 
tive numbers without any change. When negative numbers 
are encountered, 
however, changes in the algorithm 
are 


necessary. The straightforward 
method of signed division 


seems to be "Division in the first quadrant." In that scheme, 
negative numbers are 2's complemented to obtain positive 
numbers, remembering 
the changes done. The division is 


performed 
0 
positive numbers, and finally again 2's com- 


plementing 
occurs wherever 
necessary. Figure 23 is the 


flowchart for this algorithm. 


Figure 24 is the Interconnection Diagram for both the align- 
ment procedure and the Division Algorithm. 
It is assumed 


that the Dividend is in Register Rx (it will be lost during the 
division and replaced by the Remainder), the Divisor is in 
Register Ry. The Quotient will be in the Q register, which 
should be cleared beforehand. 


After checking the signs of the Dividend and Divisor, setting 
the flags and negating (using 23 or 24 octal as 15 through 
10 


ALU control 
bits) when necessary, the Divisor should be 


aligned. This can be done by ORing Rx with 0 (15-0 = 33 
octal). The most significant 
bit is deposited in the Status 
Register, and can be shifted out by setting Is = 16 = HIGHand 


17 to the Exclusive NOR of the previous and present MSB of 
the Divisor. If these are both "0", 
17 will be HIGH, and an up 


shift will occur, filling in trailing zeros. When the checked bits 
are different, 17will go LOW, causing a down shift. At the 
same time the Y output of the Status Register is enabled the 
leftmost "0" (the sign bit) will be restored. 


The first step in the Division routine is a subtract, then 
shift the Rx and Q registers up. IS76 will be 6 in octal while 


1210 = 1 in octal and 15 = 14= LOW. Pulling the CL bit in the 
microcode to HIGH, both 13and Cnwill be HIGH and the ALU 
is performing 
a 2's complement 
subtract. The sign of the 
Remainder will be latched in the Status Register and the 
complement of it will be stored in the LSB of the Q register 
during the shift up operation, which also discards the sign bit 
of the Remainder. 


Now repeating the same operation for all of the other bits of 
the Remainder with the CL bit in the microcode LOW will 
leave the control of 13to the (complemented) previous sign 
bit. If it was "0" (R "" 0), 13and Cnwill be HIGH and the ALU 
will subtract; if it was 1(R< 0), 13and Cnwill be LOW and the 
ALU will ADD, as required. In each up shift, the complement 
of the present sign bit will 
be placed at the right of the 
Quotient, again, as required. 


At the end of the division, the sign of the Remainder should 
be examined and if it is HIGH,the Divisor should be added to 
it. This can be easily implemented (not depicted on Figure 24) 
by performing an unconditional ADD (with Cn LOW), letting 
12LOW, 10HIGH and controlling 
11by the complement of the 
sign ofthe Remainder, thus adding to RX either RY(if Rs = 1) 
or zero (if Rs = 0). If an alignment 
was performed, 
the 


remainder 
should be shifted down the same number of 


places. 


Finally, the Quotient and/or the Remainder should be 2's 
complemented 
again according to the flags. 


Figure 25 is a table showing the input states of the Am2901s 
for eachphaseof the Alignment and Division. 


Figure 23. Flowchart for First Quadrant Division with 


Signed Numbers. 
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1. Byte Swapping 
Occasionally the two halves of a 16-bit word 
must be 


swapped. 00_7 is interchanged with 08-15, The quickest 
way to perform this operation 
is to rotate the word in 
RAM, shifting two bits at a time. Only four shift cycles are 
required. The same register is selected on both the A and 
B ports; the two are added together with carry-in con- 
nected to carry-out, producing a right shift of one place; 
then the ALU is shifted right one more place prior to 
storage. 


Byte Swap of Ro 


A = B = ~ I = 701 RAMo = RAM15 C1N = COUT 


Repeat 4 times. 


2. Instruction Fetch Cycle 


Execution of a macroinstruction 
generally begins with an 


instruction fetch cycle. The current contents of the PC (in 
one of the registers) is the address of the macroinstruc- 
tion to be fetched, and must be read out to the memory 
address register. Then the PC is incremented to point to 
the next macroinstruction. 
The macroinstruction 
ob- 
tained from memory 
is then loaded into the micropro- 


gram sequencer to cause a jump to the microcode for 
executing the instruction. 


The PCcan be read out and incremented in one cycle by 
using the Am2901 destination code 2, and addressing the 
PCwith both the A and B addresses. The current value of 
PC will appear on the Y outputs, and PC+1 will be re- 
turned to the register. If the PC is in register 15, then: 


The PCwill be on the Y outputs via the RAM A-port. On the 
clock LOW-to-HIGH transition, the program counter is in- 
cremented and the value on the Y outputs is loaded into 
the memory address register. During the following 
cycle, 


the memory is read and, on the next clock LOW-to-HIGH 
transition 
the instruction 
from the memory 
is dropped 


into the instruction register. The fetch operation requires 
only two microcycles. 


ADDITIONAL READING 


For more 
detailed 
information 
on applications 
of the 


Am2901, the following 
application notes are available from 


AMD. 


Title 


A 16-Bit Microprogrammed 
Computer 


An Emulation of the Am9080A 
A High Performance Disc Controller 
Build a Microcomputer 


Chapter III 
Chapter IV 


Publication 
Number 


AM-PUB030 
AM-PUB064 
AM-PUB065 


AM-PUB073-3 
AM-PUB073-4 


Am2901C 


DISTINCTIVE CHARACTERISTICS 


• Third generation of Am2901 four-bit slice 


Internal ECl circuitry and state-of-the-art process technology 
combined to provide fastest version of popular Am2901. 


• 
Plug-in replacement for Am2901, Am2901A, Am2901B 
The Am2901C is a pin-for-pin replacement for earlier versions 
of the device. Only the switching speeds are changed. 


• 
Improved speed 
25-30% speed improvement on the critical paths versus 
the Am2901B 


... 


(READIWRITE) 
ADDRESS 


CN+4 


FJ (SIGN) 


OVERFlOW 


F '"' 0000 


Am2902A 


High-Speed 
Look-Ahead 
Carry Generator 


DISTINCTIVE CHARACTERISTICS 


• 
Provides look-ahead carries across a group of four Am2901 
microprocessor ALU's 
• 
Capability of multi-level look-ahead for high-speed 
arithmetic operation over large word lengths 
• 
Typical earlY propagation delay of 4.5 ns 
• 
100% reliability assurance testing in compliance with 
MIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am2902A 
is a high-speed, 
look-ahead 
carry generator 


which accepts up to four pairs of carry propagate and carry 
generate signals and a carry input and provides anticipated 
carries across four groups of binary ALU's. The device also 
has carry propagate and carry generate outputs which may be 
used for further levels of look-ahead. 


The Am2902A 
is generally 
used with the Am2901 
bipolar 


microprocessor 
unit to provide look-ahead over word lengths 


of more than four bits. The look-ahead carry generator can be 
used with binary ALU's in an active LOW or active HIGH input 
operand mode by reinterpreting the carry functions. The con- 
nections 
to and 
from 
the 
ALU 
to the 
look-ahead 
carry 


generator are identical in both cases. 


The logic equations provided at the outputs are: 


Cn+x 
= Go + PoCn 
Cn+y 
= G1 + P1GO + P1POCn 
Cn+z 
= G2 + P2G1 + P2P1GO + P2P1POCn 


G 
= G3 + P3G2 + P3P2G1 + P3P2P1GO 


P 
= P3P2P1PO 


CONNECTION DIAGRAM 
Top View 


Am2902A 


lOOK-AHEAD 
CARRY 


GENERATOR 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage Applied 
to Outputs 
for HIGH 
Output 
State 


DC Input 
Volt9ge 


DC Output 
Current, 
Into Outputs 


DC Input 
Current 


-65°C 
to +150°C 


_55°C 
to +125°C 


-0.5V 
to +7.0V 


-0.5V 
to +VCC max. 


-0.5V 
to +5.5V 


30mA 


-30 
mA to +5.0 mA 


Am2902AXC 
TA = 0° C to +70° C 


Am2902AXM 
TA = -5SoC 
to +12SoC 


Parameters 
Description 


VCC = 5.0V ±5% (COWL) 
MIN. = 4.75V 
Vcc 
= 5.0V ±10% (MIL) 
MIN. = 4.50V 


Test Conditions 
"(Note1) 


MAX. 
= 5.25V 


MAX. 
= 5.50V 


Min. 


VCC = MIN .• IOH = -lmA 
I 
MIL 
2.5 
3.4 
VOH 
Output HIGH Voltage 
Volts 
VIN = VIH or VIL 
I 
COM 
2.7 
3.4 


VOL 
Output LOW Voltage 
VCC = MIN., IOL = 20mA 
0.5 
Volts 
VIN = VIH or VIL 


V,H 
Input HIGH Level 
Guaranteed 
input 
logical HIGH 
2.0 
Volts 
voltage 
for all inputs 


VIL 
Input LOW Level 
Guaranteed 
input 
logical LOW 
0.8 
Volts 
voltage for all inputs 


VI 
Input Clamp Voltage 
Vcc - MIN.,IIN 
- -18mA 
-1.2 
Volts 


Cn 
-2 


P3 
-4 


IlL 
P2 
-6 
Input LOW Current 
VCC = MAX., VIN = 0.5V 
mA 
PO,Pl,G3 
-8 


GO,G2 
-14 


Gl 
-16 


Cn 
50 


P3 
100 


IIH 
P2 
150 
Input HIGH Current 
VCC = MAX., V,N = 2.7V 
p.A 


PO,Pl, G3 
200 


GO,G2 
350 


Gl 
400 


II 
Input HIGH Current 
VCC = MAX•. VIN = 5.5V 
1.0 
mA 


ISC 
Output 
Short 
Circuit 
VCC = MAX., VOUT = O.OV 
-40 
-100 
mA 
(Note 3) 


VCC = MAX. 
MIL 
69 
99 
mA 
All Outputs LOW 
COM'L 
69 
109 
ICC 
Power SupplVCurrent 
VCC = MAX. 
MIL 
35 
mA 
All Ouputs HIGH 
COM'L 
35 


Notes: 
1. For conditions 
shown as MIN. 
or MAX., 
use the appropriate 
value specified 
under 
Electrical 
Characteristics 
for the applicable 
device type. 


2. Typical 
limits are at VCC = 5.QV, 
25°C 
ambient 
and maximum 
loading. 


3. Not more than one output 
should 
be shorted 
at a time~ Duration 
of the short circuit 
test should 
not exceed 
one second. 


SWITCHING 
CHARACTERISTICS 


(TA = +25°C, VCC = 5.0V) 


tpLH 
Cn to Cn+x' Cn+y, or Cn+z 


6.5 
10 
ns 


tPHL 
7 
10.5 


tpLH 
Pi or G; to Cn+x' Cn+y, or Cn+z 


4.5 
7 


ns 


tpHL 
4.5 
7 
CL = 15pF 


tpLH 
Pi orG; to G 
5 
7.5 
RL = 2800 


ns 
tpHL 
7 
10.5 


tpLH 
Pi toP 
4.5 
6.5 


tPHL 
ns 
6.5 
10 


Am2902A 


SWITCHI~G CHARACTERISTICS 
OVER OPERATING RANGE· 


TA = O°C to +70°C 
TA = _55°C to +125°C 
vcc = 5.0V :t5% 
vcc = 5.0V :tl0% 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test Conditions 


tPLH 
13 
15 
ns 


IpHL 
Cn to Cn+x, Cn+Y, or Cn+z 
14 
16.5 
ns 


tpLH 
Pj or Gj to Cn+x, Cn+Y, or Cn+z 
8 
9.5 
ns 


tpHL 
9 
11.5 
ns 
CL = 50pF 


tpLH 
12 
16.5 
ns 
RL = 2800 


tpHL 
Pi or Gi 10 G 
12 
13.5 
ns 


tPLH 
PjtoP 
9.5 
11.5 
ns 


tpHL 
11 
12 
ns 


Cn Carry-in. The carry-in inpullo the look-ahead generator. Also 
the carry-in input to the nth Am2901 A microprocessor ALU input. 


Cn+i Carry-out. (j = x, y, z). The carry-out output to be used at 
the carry-in inputs ofthe n+ 1, n+2 and n+3 microprocessor ALU 
slices. 


Inputs 
Outputs 


Cn 
Go Po G, 
P, 
G, 
P, 
G, 
P, 
Cn+ll Cn+y Cn+:r: G 
P 


X 
H 
H 
L 


L 
H 
X 
L 


X 
L 
X 
H 


H 
X 
L 
H 


X 
X 
X 
H 
H 
L 


X 
H 
H 
H 
X 
L 


L 
H 
X 
H 
X 
L 


X 
X 
X 
L 
X 
H 


X 
L 
X 
X 
L 
H 


H 
X 
L 
X 
L 
H 


X 
X 
X 
X 
X 
H 
H 
L 


X 
X 
X 
H 
H 
H 
X 
L 


X 
H 
H 
H 
X 
H 
X 
L 


L 
H 
X 
H 
X 
H 
X 
L 


X 
X 
X 
X 
X 
L 
X 
H 


X 
X 
X 
L 
X 
X 
L 
H 


X 
L 
X 
X 
L 
X 
L 
H 


H 
X 
L 
X 
L 
X 
L 
H 


X 
X 
X 
X 
X 
H 
H 
H 


X 
X 
X 
H 
H 
H 
X 
H 


X 
H 
H 
H 
X 
H 
X 
H 


H 
H 
X 
H 
X 
H 
X 
H 


X 
X 
X 
X 
X 
L 
X 
L 


X 
X 
X 
L 
X 
X 
L 
L 


X 
L 
X 
X 
L 
X 
L 
L 


L 
X 
L 
X 
L 
X 
L 
L 


H 
X 
X 
X 
H 


X 
H 
X 
X 
H 


X 
X 
H 
X 
H 


X 
X 
X 
H 
H 


L 
L 
L 
L 
L 


H = HIGH Voltage 
Level 
L = LOW Voltage 
Level 


X = Don't Care 


Gj, Pj Generate and propagate inputs respectively (i = 0, 1, 2, 
3). The carry generate and carry propagate inputs from the n, 
n+l, 
n+2 and n+3 microprocessor ALU slices. 


G, P Generate and propagate outputs respectively. The carry 
generate and carry propagate outputs that can be used with the 
next higher level of carry look-ahead if used. 


vee 


16 
G, 
1 
15 
P2 


Pi 
2 
,. 
Go 


Go 
3 


Po • 


G3 
5 
13 
Cn 


12 
Cn·+x 


P3 
6 


P 


GND 
8 
11 
Cn+v 


Cn+z 
G 


Cn 


Am2901A 
- Cn 
Am2901A 
.--- 
Cn 


Am2901A 
.-- Cn Am2901A Cn+4 f-- 


G 
P 
G 
P 
G 
P 


GO Po 
Cn+x 
G1 
P1 
Cn+y 
G2 
P2 
Cn+z 


~ 
Cn 
Am2902A 


Order the part number according to the table below to obtain the desired package, temperature 
range, and screening 
level. 


Package Type 
Operating 
Range 
Screening 
Level 


(Note 1) 
(Note 2) 
(Note 3) 


- 
P-16 
C 
C-l 


~6 
C 
~ 
D-16 
C 
B-1 
D-16 
M 
C-3 
D-16 
M 
B-3 
F-16 
M 
C-3 
F-16 
M 
B-3 


} 


Visual inspection 
to MIL-STD-883 
Method 2010B. 


- AM2902APC 
AM2902ADC 
AM2902ADC-B 
AM2902ADM 
AM2902ADM-B 
AM2902AFM 
"'M2902AFM-B 


Noles: 
1. P = Molded 
DIP, D = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
B for detailed 
outline. 


Where Appendix 
B contains several dash numbers, any of the variations 
of the package may be used unless otherwise 
specified. 
2. C = O'C to + 70'C, VCC = 4.75V to 5.25V, M = - 
55'C to + 125'C, VCC = 4.50V 10 5.50V. 
3. See Appendix 
A for details of screening. 
Levels C-l 
and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms 
to MIL-STD-883, 
Class B. 


If You Liked Our 2901, 
You'll Love Our 2903! 


Same Powerful 
Architecture: 


• 
16 Working 
Registers 
in 2-address 
architecture 


• 
Left-Right 
shift of Data after ALU 


• 
Auxiliary 
egister 
for multiple-length 


operations 


• 
Expandable 
to any word length 
in 


multiples 
of four bits 


• 
Carry, 
Overflow, 
Zero, 
and Negative 
Status 
Flags 


• 
Two's 
Complement 
and Unsigned 
Multiply 
The Am2903 
performs 
both signed 


and unsigned 
multiplication 
without 
requiring 
any additional 
hardware. 


For unsigned 
n x n-bit multiply, 
a 


single microinstruction 
is repeated 


n times. 
For a two's 
complement 


multiply, 
a single microinstruction 
is executed 
n-l 
times, 
and a second 
microinstruction 
is executed 
once. 


Both kinds of multiplies 
produce 
2n bit products. 


• 
Two's 
Complement 
Divide 
The Am2903 
performs 
a signed 
division 
using a non-restoring 
algorithm. 
A 2n bit dividend 
is 
divided 
by an n-bit divisor 
in n 


cycles 
(after justification). 
An n-bit 


signed 
quotient 
and n-bit signed 
remainder 
are produced. 
Extension 
to multiple 
length division 
is 


simple. 
No extra hardware 
is 


needed. 


• 
Single 
and Double 
Length 
Normalization 
Both single 
length words 
and 
double 
length words can be 


normalized; 
i.e., 
shifted 
up to 


remove 
leading 
zeros or ones. 


During 
the normalize 
instructions, 


the Am2903 
provides 
special 
flags 


signaling 
the completion 
of 


normalization. 


• 
Conversion 
Between 
Sign-Magnitude 
and Two's 
Complement 
Notations 


On a single cycle, 
the Am2903 


will switch 
a word from one 


notation 
to the other. 


• 
Increment 
by One or Two 


On a single cycle, 
the Am2903 
can 


add either 
I or 2 to a word, 


depending 
on carry-in. 


If You Didn't Like Our 2901, 
You'll Love Our 2903! 


• 
Two 
Data Input Ports 
The Am2903 
can operate 
between 


any two internal 
registers, 
any 
internal 
register 
and an external 


data bus, or two external 
data 
buses. 


• 
Expandable 
Register 
File 
The Am29705 
hooks directly 
onto 
the Am2903 
to provide 
any number 
of working 
registers, 
without 
losing 
the two-address 
architecture. 
You 


can even go to a three-address 
system, 
where on one cycle you 


operate 
on two registers 
and place 


the result in a third. 


• 
Arithmetic 
and Logical 
Shifts 


Arithmetic 
shifts hold the MSB 


(sign bit) in place and shift the rest 
of the word around 
the MSB. 


Logical 
shifts shift all the bits in 


the word. 
The 2903 provides 
both 
types of shift. 


• 
Sixteen-Function 
ALU 


Provides 
9 Logic Functions 
and 7 


Arithmetic 
Functions, 
twice as 


many functions 
as the 290 I. 


• 
Parity Generated 
Internally 


A Parity Generator 
operates 
on the 


ALU output 
and is cascaded 


between 
devices, 
so that a single 


pin contains 
parity 
across the entire 


ALU output. 


And If You Don't Quite Like Our 2903, 
You'll Definitely Love Our Am29203! 


• 
BCD Arithmetic 
The Am29203 inclutlt:, 'pt:<:ial 
functions 
or BCD add and subtract, 


as well as conversion 
between 
binary 
and BCD 
otations. 


• 
A Byte Better 
The Am2920J 
is designed 
to 
efficiently 
handle 
byte operations 
with a minimum 
of external 
logic. 


• 
Both Data Lines Bidirectional 


• 
Decrement 
by I or 2 Instruction 


• 
RAM 
is enabled 
only if instruction 


execution 
is enabled. 


Am2903 • Am29203 
The Superslice® 


DISTINCTIVE CHARACTERISTICS 


• 
Expandable Register File - 
Like the Am2901, the Am2903/29203 
contains 
16 internal 


working registers arranged in a two-address architecture. But 
the Am2903/29203 
includes the necessary "hooks" 
to ex- 


pand the register file externally to any number of registers. 


• 
Built-in Multiplication Logic - 
Performing multiplication 
with the Am2901 A requires a few 


external gates - 
these gates are contained on-chip in the 


Am2903/29203. 
Three special instructions are used for un- 


signed multiplication, two's complement multiplication and the 
last cycle of a two's complement multiplication. 


• 
Built-in Division Logic - 
The Am2903/29203 
contains all logic and interconnects for 


execution of a non-restoring, multiple-length division with cor- 
rection of the quotient. 


• 
Built-in Normalization Logic - 
The Am2903/29203 can simultaneously shift the Q Register 
and count in a working register. Thus, the mantissa and ex- 
ponent of f floating-point number can be developed using a 
single microcycle per shift. Status flags indicate when the 
operation is complete. 


• 
Built-in Parity Generation Circuitry - 
The Am2903/29203 can supply parity across the entire ALU 
output for use in error detection. 


• 
Built-in Sig[l Extension Circuitry - 
To facilitate operation on different length two's complement 
numbers, the Am2903/29203 
provides the capability to ex- 


tend the sign at any slice boundary. 


• 
BCD Arithmetic (Am29203 only) - 
Automatic 
BCD add and subtract and conversion 
between 


binary and BCD. 


• 
Improved Byte Handling (Am29203 only) - 
Zero detection and register writing can be performed on a 
single byte rather than the whole word. 


• Two Bidirectional Data Lines (Am29203 only) - 
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GENERAL DESCRIPTION 


The Am2903 is a four-bit expandable 
bipolar microprocessor 
slice. The Am2903 performs all functions performed by the in- 
dustry standard Am2901 and, in addition, provides a number of 
significant enhancements that are especially useful in arithme- 
tic-oriented 
processors. 
Infinitely 
expandable 
memory 
and 
three-port, 
three-address 
architecture 
are provided 
by the 
Am2903. In addition to its complete arithmetic and logic instruc- 
tion set, the Am2903 provides a special set of instructions which 
facilitate the implementation of multiplication, division, normali- 
zation, and other preViously time-consuming 
operations. 
The 
Am29203 is a similar device, 
but has additional I/O capability, 


more special instructions and will be at least 30% faster. 


fJ 


CP 
----<0 


Vcc 
----0 


Notes: 
1. DAo-J is input only on Am2903, but is 1/0 port on Am29203. 
2. On Am2903, zero logic is connected to Y, after the OEy buffer. 
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peripheral 
controllers, 
microprogrammable 
machines, 
and 


numerous other applications. The microinstruction 
flexibility of 


the Am2903/29203 
allows the efficient emulation of almost any 


digital computing machine. The nine-bit microinstruction selects 
the ALU sources, function and destination. The Am2903/29203 
is cascadable 
with full lookahead or ripple carry, has 3-state 


outputs, 
and provides various 
ALU status flag outputs. 
Ad- 


vanced Low-Power Schottky processing is used to fabricate this 
48-pin LSI circuit. 


All data paths within the device are four bits wide. As shown in the 
block diagram, the device consists of a 16-word by 4-bit, two-port 
RAM with latches on both output ports, a high-performance ALU 
and shiller, a multi-purpose Q Register with shiller input, and a 
nine-bit instruction decoder. 


Two-Port RAM 


Any two RAM words addressed at the A and B address ports can 
be read simultaneously at the respective RAM A and B output 
ports. Identical data appear at the two output ports when the 
same address is applied to both address ports. The latches at the 
RAM output ports are transparent when the clock input, CP, is 
HIGH and they hold the RAM output data when CP is LOW. 
Under control of the OEB three-state output enable, RAM data 
can be read directly 
at the Am2903 
DB I/O port. On the 


Am29203, EA provides the same feature at the DA port. 


External data at the Am2903/29203 
Y I/O port can be written 


directly into the RAM, or ALU shiller output data can be enabled 
onto the Y I/O port and entered into the RAM. Data is written into 
the RAM at the B address when the write enable input, WE, is 
LOW and the clock input, CP, is LOW. 


Arithmetic logic 
Unit 


The Am2903 high-performance ALU can perform seven arithme- 
tic and nine logic operations on two 4-bit operands. Multiplexers 
at the ALU inputs provide the capability to select various pairs of 
ALU soutce operands. The EA input selects either the DA exter- 
nal data input or RAM output port A for use as one ALU operand 
and the OEB and 
10 inputs select RAM output port B, DB external 


data input, or the Q Register content for use as the second ALU 
operand. Also, during some ALU operations, zeroes are forced at 
the ALU operand inputs. Thus, the Am2903 ALU can operate on 
data from two external sources, from an internal and external 
source, or from two internal sources. Table I shows all possible 
pairs of ALU source operands as a function of the EA, OEB, and 10 
inputs. 


When instruction bits 14,13,12, 
I" and 10 are LOW, the Am2903 


executes special functions. Table 4 defines these special func- 
tions and the operation which the ALU performs for each. When 
the Am2903 executes instructions other than the nine special 
functions, the ALU operation is determined by instruction bits 14, 


13,12, 
and I,. Table 2 defines the ALU operation as a function of 


these four instruction bits. The Am29203 ALU is identical, but 
executes 16 special instructions. 


Am2903/29203s 
may be cascaded in either a ripple carry or 


lookahead carry fashion. When a number of Am2903/29203s 
are cascaded, each slice must be programmed to be a most 
significant slice (MSS), intermediate slice (IS), or ~ast 
signifi- 


cant slice (LSS) of the array. The carry generate, G, and carry 
propagate, P, signals required for a lookahead carry scheme are 
generated by the Am2903/29203 and are available as outputs of 
the least significant and intermediate slices. 


L 
L 
L 
RAM OutputA 
RAMOutput B 


L 
L 
H 
RAM OutputA 
DBO_3 


L 
H 
X 
RAM OutputA 
Q Register 


H 
L 
L 
DAO_3 
RAM Output B 
H 
L 
H 
DAO_3 
DBO_3 


H 
H 
X 
DAO_3 
Q Register 


14 
13 
12 
11 
'0 
ALU Functions 


L 
L 
L 
L 
L 
SpecialFunctions 


L 
L 
L 
L 
H 
Fi = HIGH 


L 
L 
L 
H 
X 
F = S Minus R Minus 1 Plus Cn 


L 
L 
H 
L 
X 
F = R Minus S Minus' 
Plus Cn 


L 
L 
H 
H 
X 
F = R Plus S Plus Cn 


L 
H 
L 
L 
X 
F = S Plus Cn 


L 
H 
L 
H 
X 
F = S Plus Cn 


L 
H 
H 
L 
L 
ReservedSpecialFunctions 


L 
H 
H 
L 
H 
F = R Plus Cn 


L 
H 
H 
H 
L 
ReservedSpecial Functions 


L 
H 
H 
H 
H 
F = R Plus Cn 


H 
L 
L 
L 
L 
ReservedSpecial Functions 


H 
L 
L 
L 
H 
Fi = LOW 


H 
L 
L 
H 
X 
Fi = Ri AND Si 


H 
L 
H 
L 
X 
Fi = Rj EXCLUSIVENOR Sj 


H 
L 
H 
H 
X 
Fj ~ Rj EXCLUSIVEOR Sj 


H 
H 
L 
L 
X 
Fj = Rj AND Sj 


H 
H 
L 
H 
X 
Fi = Rj NOR Sj 


H 
H 
H 
L 
X 
Fj = Rj NANDSj 


H 
H 
H 
H 
X 
Fj = Rj OR Sj 


The Am2903/29203 
also generates a carry-out signal, Cn+4' 


which is generally available as an output of each slice. Both the 
carry-in, Cn, and carry-out, Cn+4' signals are active HIGH. The 
ALU generates two other status outputs. These are negative, N, 
and overflow, OVA. The N output is generally the most signifi- 
cant (sign) bit of the ALU output and can be used to determine 
positive or negative results. The OVR output indicates that the 
arithmetic 
operation 
being performed 
exceeds 
the available 


two's complement number range. The Nand 
OVR signals are 
available as outputs of the most significant 
slice. Thus, the 


multipurpose G/N and P/OVR outputs indicate G and P at the 
least significant and intermediate slices, and sign and overflow 
at the most significant slice. To some extent, the meaning of the 
Cn+4' P/OVR, and G/N signals vary with the ALU function being 
performed. Refer to Table 5 for an exact definition of these four 
signals as a function of the Am2903/29203 instruction. 


AO_3 
OATil 
IN 
BO_3 


CJ 
WE 


Am29203 
Fl 
ONLY 


DEBa 


OAo-31NOTE 
1) 


OBO_3 


EA 


'0 


GIN 


PIOVR 
Cn 


Cn+4 
SIOO 


SI03 
0100 


0103 


OEy 


IEN 


'0-'8 
9 ( 
D 
) 
• 


LSS 


INSTRUCTION 
• 
DECODE 
• 


WRITEI 
CP 


MSS 
• 
a 


VCC 


z 
a 
r--..,~~~~203 
GNOa 
__ 
...J 


Notes: 1. DAo-3is input only on Am2903,but is I/O port on Am29203. 


2. On Am2903,zero logic is connectedto Y, after the OEy buffer. 


ALU Shifter 


Under instruction control, the ALU shifter passes the ALU output 
(F) non-shifted, shifts it up one bit position (2F), or shifts it down 
one bit position (F/2). Both arithmetic and logical shift operations 
are possible. An arithmetic shift operation shifts data around the 
most significant (sign) bit position of the most significant slice, 


and a logical shift operation shifts data through this bit position 
(see Figure A). SIOo and SI03 are bidirectional 
serial shift 


inputs/outputs. During a shift-up operation, SIOo is generally a 
serial shift input and SI03 a serial shift output. During a shift-dowr, 
operation, SI03 is generally a serial shift input and SIOo a serial 
shift output. 


SIOJ~SIO. 
-. 
Signif"tcant 
S1iCl 


To some extent, the meaning of the 8100 and 8103 signals is 
instruction dependent. 
Refer to Tables 3 and 4 for an exact 


definition of these pins. 


The ALU shifter also provides the capability to sign extend at slice 
boundaries. Under instruction control, the 8100 (sign) input can 
be extended through Yo, Y1, Y2, Y3 and propagated to the 8103 
output. 


A cascadable, five-bit parity generator/checker 
is designed into 


the Am2903/29203 
ALU shifter and provides ALU error detec- 
tion capability. Parity for the Fo, F1, F2, F3 ALU outputs and 8103 
input is generated and, under instruction control, is made avail- 
able at the 8100 output. Refer to the Am2903/29203 applications 
section for a more detailed description of the Am2903/29203 
sign extension and parity generation/checking 
capability. 


The instruction inputs determine the ALU shifter operation. Table 
4 defines the special functions and the operation the ALU shifter 
performs for each. When the Am2903/29203 executes instruc- 
tions other than the special functions, the ALU shifter operation 
is determined by instruction bits 18'7'6'5'Table 3 defines the ALU 
shifter operation as a function of these four bits. 


Q Register 


The 0 Register is an auxiliary four-bit register which is clocked on 
the LOW-to-HIGH transition of the CP input. It is intended primar- 
ily for use in multiplication and division operations; however, it 
can also be used as an accumulator or holding register for some 


applications. The ALU output, F, can be loaded into the 0 Regis- 
ter, and/or the 0 Register can be selected as the source for the 
ALU 8 operand. The shifter at the input to the 0 Register provides 
the capability to shift the 0 Register contents up one bit position 
(20) or down one bit position (0/2). Only logical shifts are per- 
formed. 
0100 
and 0103 
are bidirectional 
shift serial inputs/ 


outputs. During a 0 Register shift-up operation, 0100 is a serial 
shift input and 0103 is a serial shift output. During a shift-down 
operation, 0103 is a serial shift input and 0100 is a serial shift 
output. 


Double-length 
arithmetic and logical shifting capability 
is pro- 


vided by the Am2903/29203. 
The double-length 
shift is per- 


formed by connecting 0103 of the most significant slice to 8100 
of the least significant slice, and executing an instruction which 
shifts both the ALU output and the 0 Register. 


The 0 Register and shifter are controlled by the instruction in- 
puts. Table 4 defines the Am2903/29203 special functions and 
the operations 
which the 0 
Register and shifter perform for 


each. When the Am2903/29203 executes instructions other than 
the special functions, the 0 
Register and shiller operation 
is 
controlled by instruction bits 18'7'615,Table 3 defines the 0 Reg- 
ister and shifter operation as a function of these four bits. 


Output Buffers 


The DB and Y ports are bidirectional I/O ports driven by three- 
state output buffers with external output enable controls. On the 
Am29203, the DA port is also bidirectional. The Y output buffers 
are enabled when the OEy input is LOW and are in the high 
impedance state when OEy is HIGH. The DB output buffers are 
enabled when the OEB input is LOW and the DA buffers are 
enabled when EA is LOW. (On the Am2903 DA is input only; the 
pins are never outputs.) 


The zero, Z, pin is an open collector inpuVoutput that can be 
wire-OR'ed between slices. As an output it can be used as a zero 
detect status flag and generally indicates that the YO-3 pins are all 
LOW. To some extent the meaning of this signal varies with the 
instruction being perfonned. Refer to Table 5 for an exact defini- 
tion of this signal as a function of the Am2903 and Am29203 
instructions. On the Am29203, the Z pin will be HIGH if OEy is 
HIGH, allOWingzero detection on less than the full word. 


SI03 
v3 
v2 
o Reg & 
Hex 
ALU Shllter 
Most Sig. 
Other 
Most Sig. 
Other 
Most S19. 
Other 


Wrlte 


Shl1ler 
18 
17 
16 
15 
Code 
Function 
Slice 
SHces 
Slice 
Slices 
Slice 
Slices 
V1 
Vo 
SIOO 
FuncUon 
0103 
QlOo 
l 
l 
l 
l 
0 
Arith. F/2_Y 
Input 
Input 
F, 
810, 
810, 
F, 
F, 
F, 
FO 
l .- 
Hi-Z 
Hi-Z 
l 
l 
l 
H 
, 
log. FI2-Y 
Input 
Input 
810, 
810, 
F, 
F, 
F, 
F, 
F. 
l .- 
Hi-Z 
Hi-Z 
l 
l 
H 
l 
2 
Arith.fl2_V 
Input 
Input 
F, 
810, 
810, 
F, 
F, 
F, 
F. 
l 
Log.Q'2-C ,- 
Co 
l 
l 
H 
H 
J 
Log. FJ2-Y 
Input 
Input 
SI03 
810, 
F, 
F, 
F, 
F, 
F. 
l 
log.0/2_0 
Input 
Co 
l 
H 
l 
l 
• 
F_Y 
Input 
Input 
F, 
F, 
F, 
F, 
F, 
F. 
Parity 
l .- 
Hi·Z 
Hi·Z 
l 
H 
l 
H 
5 
F-Y 
Input 
Input 
F, 
F, 
F, 
F, 
F, 
F. 
Parity 
H 
log. 
012_0 
Input 
Co 
l 
H 
H 
l 
6 
F_Y 
Input 
Input 
F, 
F, 
F, 
F, 
F, 
F. 
Parity 
H 
F-C 
Hi·Z 
Hi·Z 
l 
H 
H 
H 
7 
F-Y 
Input 
Input 
F, 
F, 
F, 
F, 
F, 
F. 
Parity 
l 
F-a 
Hi·Z 
HI-Z 


H 
l 
l 
l 
8 
Arith.2F_V 
F, 
F, 
F, 
F, 
F, 
F, 
F. 
810. 
Input 
l .- 
Hi·Z 
Hi-Z 


H 
l 
l 
H 
9 
Log.2f-Y 
F, 
F, 
F, 
F, 
F, 
F, 
F. 
810. 
Input 
l .- 
Hi-Z 
Hi-Z 


H 
l 
H 
l 
A 
AriIh.2F-V 
F, 
F, 
F, 
F, 
F, 
F, 
F. 
810. 
Input 
l 
Log.2Q-a 
C, 
...•.. 


H 
l 
H 
H 
B 
Log.2F-Y 
F, 
F, 
F, 
F, 
F, 
F, 
F. 
810. 
Input 
l 
log.2Q-a 
CJ 
I- 


H 
H 
l 
l 
C 
F-Y 
F, 
F, 
F, 
F, 
F, 
F, 
F, 
F. 
Hi-Z 
H .- 
Hi·Z 
HI·Z 


H 
H 
l 
H 
0 
F-Y 
F, 
F, 
F, 
F, 
F, 
F, 
F, 
F. 
Hi-Z 
H 
Log.2Q-+Q 
CJ 
'nput 


H 
H 
H 
L 
E 
SIOO-VO. 
Y1. Y2. Va 
Sloo 
SIOo 
51°0 
SIOo 
Sioo 
SIC, 
SIOo 
51°0 
Input 
l 
Hold 
Hi-Z 
Hj-Z 


H 
H 
H 
H 
F 
F-Y 
F, 
F, 
F, 
F, 
F, 
F, 
F, 
F. 
Hi-Z 
l .- 
Hi·Z 
Hi-Z 


SI03 
o Reg 
& 


Hex 
Available 
Special 
ALU 
Shiite, 
Most 
Sig. 
Othe, 
Shiite, 


la 
17 
16 
15 
Code 
On 
Function 
ALU 
Function 
Function 
Slice 
Slices 
SIOO 
Function 
01°3 
01°0 
WRITE 


L 
L 
L 
L 
0 


Am2903 
Uns;gnedMultiply 
F•• s+cn 
if Z=l 
log. 
F/2_Y 


Hi·Z 
Input 
Am29203 
F""R+S+Cn 
if Z=H 
1-') 
FO 
Log. Q'2_0 
lnpuI 
00 
L 


L 
L 
L 
H 
1 
Am29203 


L 
L 
H 
L 
2 
Am2903 
Two's Complement 
F-S+Cn 
if Z=L 
Log. FI2-Y 


Hi-Z 


Am29203 
Muttipfy 
F~R+S+Cn 
if Z=H 
(NoCe 2) 
,- 
FO 
Log. Q'2-D 
•.•... 
00 
L 


L 
L 
H 
H 
3 
Am29203 


L 
H 
L 
L 
4 
Am2903 


Am29203 
Increment 
by 
F=S+l+Cn 
F_Y 
,- 
Input 
Parity .- 
Hi·Z 
Hi·Z 
L 
One 
Of Two 


L 
H 
L 
H 
5 
Am2903 
Am29203 
SignlMag"- 
F."S+Cn 
if Z=l 
F-Y 
Two's Complement 
F-S+Cn 
if Z=H 
<_31 
I- 
I- 
Parity .- 


Hi·Z 
Hj·Z 
L 


L 
H 
H 
L 
6 
Am2903 
Two's Comptemenl. 
F-S+Cn 
if Z=l 
Log. F/2-Y 


Am29203 
Multipty, last Cyde 
F=S-R-1+Cn 
it Z=H 
(Note 2) 
Hi·Z 
Input 
F, 
Log. Q'2-D 
lnpuI 
00 
L 


L 
H 
H 
H 
7 
Am29203 


H 
L 
L 
L 
8 
Am2903 
_Length 


Am29203 
Normalize 
F"S+Cn 
F-Y 
FJ 
FJ 
Hi·Z 
Log.2Q-D 
a, 
•••• 
L 


H 
L 
L, 
H 
9 
Am29203 


Am2903 
OoobMLength 


H 
L 
H 
L 
A 
Am29203 


Normalze 
and 
FzS+Cn 
Log 2F-Y 
AJ¥F3 
FJ 
Input 
Log.2O-a 
a, 
lnpuI 
L 


First 0Mde 
Op. 


H 
L 
H 
1 
B 
Am29203 


H 
H 
L 
L 
C 


Am2903 
Two's~menl 
F-S+A+Cn 
if Zzl 
Log.2F-Y 
R3¥F3 
FJ 
1- 
log. 
20--+0 
a, 
•••• 
L 


Am29203 
'"- 
F-S-A-1 
+Cn ifZ=H 


H 
H 
L 
H 
0 
Am29203 


H 
H 
H 
L 
E 
Am2903 
=,~ 
F-S+A+Cn 
if Z-l 
F-Y 
FJ 
Hi-Z 
Log.2O-a 
a, 
Input 


Am29203 
F-S-A-l 
+Cn ifZ=H 
FJ 
and Remainder 


H 
H 
H 
H 
F 
Am29203 


NOTES: 
1. At the most significant 
slice only, the Cn+4 signal is internally 
geted to the Y3 output. 


2. At the most significant 
slice only, F3 "OVR 
is internally 
gated to the Y3 output. 


3. 
At the most 
significam 
slice 
only, 
S3" 
F3 is generated 
at the Y3 output. 


Instruction 
Decoder 


The Instruction Decoder generates required internal control sig- 
nals as a function of the nine Instruction inputs, lo-a; the Instruc- 
tion Enable input, IEN; the LSS input; and the WRITE/MSS 
inpuUoutput. 


The WRITE output is LOW when an instruction which writes data 
into the RAM is being executed. Refer to Tables 3 and 4 for a 
definition of the WRITE output as a function of the Am2903 
instruction inputs. 


On the Am2903, when IEN is HIGH, the WRITE output is forced 
HIGH and the Q Register and Sign Compare Flip-Flop contents 
are preserved. When IEN is LOW, the WRITE output is enabled_ 
and the Q Register and Sign Compare Flip-Flop can be written 
according to the Am2903 instruction. The Sign Compare Flip- 
Flop is an on-chip flip-flop which is used during an Am2903 divide 
operation (see Figure B). On the Am29203, IEN controls internal 
writing, but does not affect WRITE. The IEN signal can then be 
controlled separately at each chip to facilitate byte operations. 


Programming 
the Am2903/29203 
Slice Position 


Tying the LSS input LOW programs the slice to operate as a least 
significant slice (LSS) and enables the WRITE output signal onto 
the WRITE/MSS bidirectional I/O pin. When LSS is tied HIGH, the 
WRITE/MSS pin becomes an input pin; tying the WRITE/MSS pin 


L = LOW 
H = HIGH 
X ~ Don't 
Care 


Hi-Z 
~ High 
Impedance 
" = Exclusive 
OR 


Parity 
~ Sl03 
" 
F3 " 
F2 " 
F1 " 
Fo 


HIGH programs the slice to operate as an intermediate slice (IS) 
and tying it LOW programs the slice to operate as a most signifi- 
cant slice (MSS). The W/MSS pin must be tied HIGH through a 
resistor. W/MSS and LSS should not be connected together. 
See Figure 2 of applications. 


SPECIAL 
FUNCTION 
AORe 


The sign compare signal appears at the Z output 
of the most 


significant slice during special functions 
C, 0 and E, F. Refer 


to Table 5. 


(Hex\ 


P/OVR 
GIN 
Z(OEy 
LOW) 


(Hex) 
GI 
PI 
Most 
Sig. 
Other 
Most 
Sig. 
Other 
Most 
Sig. 
Intermedlete 
Leeat 
Sig 
lel7161S 
14131211 
10 
(I~O 
to 3) 
(I~O 
to 3) 
<1>+4 
Slice 
Slices 
Slice 
Slices 
Slice 
Slice 
Slice 


x 
0 
H 
0 
, 
0 
0 
0 
F3 
G 
YOY'Y2Y3 
YOY,V2Y3 
YOY'Y2Y3 


X 
, 
X 
Ai /\ 5i 
RiV 
5j 
G V pCn 
Cn+3 
V Cn+4 
P 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


X 
2 
X 
Rj 1\ ~i 
Ai V Sj 
G V PCn 
Cn+3 
V Cn+4 
P 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


X 
~ 
X 
Ai 
/\ 
Sj 
RiV 
Si. 
GVPCn 
Cn+3 
V Cn+4 
P 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


X 
4 
X 
0 
Sj 
G VPCn 
Cn+3 
V Cn+4 
P 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY,Y2Y3 


X 
5 
X 
0 
Sj 
GVPCn 
Cn+3 
V Cn+4 
P 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY,Y2Y3 


X 
6 
X 
0 
Ri 
GVPCn 
Cn+3 
VCn+4 
P 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


X 
7 
X 
0 
Rj 
G VPCn 
Cn+3 
V Cn+4 
P 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


X 
B 
X 
0 
, 
0 
0 
0 
F3 
G 
YOY'Y2Y3 
Yo 
1Y2 
3 
YOY,Y£Y3 


X 
9 
X 
Ai /\ Sj 
, 
0 
0 
0 
F3 
G 
YOY,Y2Y3 
YOY,Y2Y3 
YOY'Y2Y3 


X 
A 
X 
Ai 
/\ 
5j 
Ri V 5j 
0 
0 
0 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


X 
B 
X 
Ri /\ 
5i 
RjV 
Sj 
0 
0 
0 
F3 
G 
Yo 
, 
2 3 
Yo 
'Y2 
3 
YOY,,{£'Y3 


X 
C 
X 
Ai /\ 
Sj 
, 
0 
0 
0 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY,Y2Y3 


X 
0 
X 
Rj /I 5j 
1 
0 
0 
0 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


X 
E 
X 
Ai 
/\ 
Sj 
1 
0 
0 
0 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


X 
F 
X 
Rj /I Sj 
, 
0 
0 
0 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY,Y2Y3 


0 
0 
L 
o jf Z-L 
Si if Z-L 
GV pCn 
Cn+3 
V Cn+4 
p 
F3 
G 
Input 
Input 
00 
A/'Si 
if Z=H 
RjVSj 
if Z=H 


2 
0 
L 
o if Z=l 
Sj if Z-L 
GV 
PCn 
Cn+3 
V Cn+4 
p 
F3 
G 
Input 
Input 
00 
A/\S. 
jf Z=H 
Ai V 5i jf Z=H 


4 
0 
L 
See 
Note 
1 
See Note 2 
GV 
PCn 
Cn+3 
V Cn+4 
l' 
F3 
G 
YOY'Y2Y3 
YOY'Y2Y3 
YOY'Y2Y3 


5 
0 
L 
0 
5i if Z-l 
GV 
PCn 
Cn+3 
V Cn+4 
p 
F3 jf Z-L 
G 
S3 
Input 
Input 
Sj ilZ=H 
F3V 
S3 jfZ~H 


6 
0 
L 
o if Z-L 
Si ifZ-L 
GV 
PCn 
Cn+3 
V Cn+4 
p 
F3 
G 
Input 
Input 
00 
Rj/\Sj 
if Z=H 
RjVSi 
if Z=H 


B 
01 
L 
0 
Sj 
See Note 3 
02V 
a, 
P 
03 
G 
000,0203 
000,0203 
00°,0203 


A 
0 
L 
0 
Sj 
See Note 4 
F2V 
F, 
P 
F3 
G 
See Note 5 
See Note 5 
See Note 5 


C 
0 
L 
~i/\Si if Z=l 
RjVSj 
jf Z-l 
GVPCn 
Cn+3 V Cn+4 
p 
F3 
G 
Sign Compare 
Input 
Input 
Rj/\Si 
if Z=H 
RiVSi 
jfZ=H 
FF Output 


E 
0 
L 
RjJ\Si if Z-L 
AiVSi 
if Z=l 
GV PCn 
Cn+3 V Cn+4 
P 
F3 
G 
Sign Compare 
Input 
Input 
RjJ\Sj 
if Z=H 
AiVSj 
ifZ=H 
FF Output 


L = LOW = 0 


H = HIGH 
91 


V= 
OR 


/1= 
AND 


V ~ EXCLUSIVE 
OR 


P ~ P3P2P,PO 


G = G,vG2P3VG,P2P3VGOP,P2P3 


Cn+3 = G2VC"P2VGOP,P2VCnPpP,P2 


NOTES: 
1. If LSS is LOW. 
GO = So and G,,2,3 
= 0 


If LSS is HIGH, 
GO,',2,3 
= 0 


2. 
If LSS is LOW, 
Po ~ 
1 and P,,2,3 
~ S',2,3 


If LSS is HIGH, 
Pi = Sj 


3. At the most significant 
slice. 
Cn+4 
~ 03V 
02 


At other 
slices, 
Cn+4 
~ GVPCn 


4. At the most significant 
slice, 
Cn+4 
~ F3V F2 


At other 
slices, 
Cn+4 
~ GV PCn 


5. Z = 000,Oi03FoF,F2F3 


Am2903 SPECIAL FUNCTIONS 


The Am2903 provides nine Special Functions which facilitate the 
implementation of the following operations: 


• 
Single- and DOUble-Length Normalization 


• Two's Complement Division 
• 
Unsigned and Two's Complement Multiplication 


• 
Conversion Between Two's Complement and Sign/Magnitude 
Representation 
• 
Incrementation by One or Two 


Table 4 defines these Special Functions. 


The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision 
or double-precision 


floating point number in order to bring its mantissa within a 
specified range. 


Three Sp!3cial Functions which can be used to perform a two's 
complement, non-restoring divide operation are provided by the 
Am2903. 
These functions 
provide 
both single- and double- 


precision divide operations and can be performed in "n" clock 
cycles, where "n" is the number of bits in the quotient. 


The Unsigned Multiply Special Function and the two Two's Com- 
plement Multiply Special Functions can be used to multiply two 
n-bit, unsigned or two's complement numbers, respectively, in 
n clock cycles. These functions utilize the conditional add and 
shift algorithm. During the last cycle of the two's complement 
multiplication, a conditional subtraction, rather than addition, is 
performed because the sign bit of the multiplier carries negative 
weight. 


The Sign/Magnitude-Two's 
Complement 
Special Function can 


be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be converted to 
the Two's Complement representation, and vice-versa, in one 
clock cycle. 


The Increment by One or Two Special Function can be used 
to increment 
an unsigned 
or two's complement 
number 
by 


one or two. This is useful in 16-bit word, byte-addressable 
machines, where the word addresses are multiples of two. 


Refer to Am2903 applications section for a more detailed descrip- 
tion of these Special Functions. 


Four 
RAM 
address 
inputs 
which 
contain 
the 


address 
of 
the 
RAM 
word 
appearing 
at 
the 
RAM A output port. 


Four RAM address inputs which contain the address 
of the RAM word appearing 
at the RAM B output 


port and into which 
new data is. written when the 


WE input and the CP input are LOW. 


The RAM write enable input. If WE is LOW, data 
at the 
Y I/O port 
is written 
into the 
RAM when 


the 
CP 
input 
is 
LOW. 
When 
WE 
is 
HIGH, 


writing data into the RAM is inhibited. 


A 
four-bit 
external 
data 
input 
which 
can 
be 


selected 
as one 
of the 
Am2903 
ALU 
operand 


sources; 
DAo is the 
least 
significant 
bit. On the 


ArTj29203, the DA path is bidireciional, 
operating as 


either an ALU source operand or as an external output 
for the RAM A-port. 


A control input which, when HIGH selects DAo-3 as the 
ALU R operand, and, when LOW, selects RAM output 
A as the ALU R operand and the DAo-1 output data. 


A 
four-bit 
external 
data 
input/output. 
Under 


control 
of the 
OEe 
input, 
RAM 
output 
port 
B 


can 
be 
directly 
read 
on 
these 
lines, 
or 
input 


data 
on 
these 
lines 
can 
be 
selected 
as 
the 


ALL,!S operand. 


A control 
input which, 
when 
LOW, enables 
RAM 


output 
B onto the DBo-3 
lines and, when HIGH, 


disables the RAM output B tri-state buffers. 


The carry-in input to the Am2903/29203 ALU. 


The 
nine 
instruction 
inputs 
used 
to select 
the 


Am2903/29203 
operation to be performed. 


The instruction enable input which, when LOW, allows 
the Q Register and the Sign Compare flip-flop to be 
written. When IEN is HIGH, the Q Register and Sign 
Compare 
flip-flop 
are in the hold 
mede. 
On the 


Am2903, IEN also controls WRITE. On the Am29203, 
WRITE is not affected by lEN, but internally disables 
the RAM write enable. 


This output generally 
indicates the carry-out of the 


Am2903/29203 
ALU. Refer to Table 5 for an exact 


definition of this pin. 


A multi-purpose 
pin which 
indicates 
the 
carry 


generate, 
G, function 
at the 
least significant 
and 


intermediate 
slices, 
and generally 
indicates 
the 


sign, N, of the ALU result at the most significant 
slice. 
Refer to Table 
5 for an exact 
definition 
of 


this pin. 


A multi-purpose 
pin which Indicates the carry prop- 
agate, P, function at the least significant and inter- 
mediate slices, and indicates the conventional two's 
complement overflow, OVR, signal at the most sig- 
nifieant slice. Refer to Table 5 for an exact definition 
of this pin. 


51°0, 
5103 


QIOo, 
QI03 


An open-collector inpuVoutput pin which, when HIGH, 
generally indicates the outputs are all LOW. For some 
Special Functions, Z is used as an input pin. Refer to 
Table 5 for an exact definition of this pin. 


Bidirectional 
serial 
shift 
inputs/outputs 
for 
the 
ALU 
shifter. 
During 
a shift-up 
operation, 
SIOo 


is 
an 
input 
and 
SI03 
an 
output. 
During 
a 


shift-down 
operation, 
SI03 
is an input 
and SIOo 


is an output. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


Bidirectional 
serial 
shift 
inputs/outputs 
for the 
Q 


shifter 
which 
operate 
like SIOo and 
S103. Refer 
to 
Tables 
3 and 
4 for 
an 
exact 
definition 
of 


these pins. 


An input pin which, when tied LOW, programs the 
chip to act as the least significant 
slice 
(LSS) of 


an Am2903/29203 array and enables the WRITE out- 
put onto the WRITE/MSS pin. When LSS is tied HIGH, 
the chip is programmed to operate as either an inter- 
mediate or most significant slice and the WRITE out- 
put buffer is disabled. 


When LSS is tied LOW, the WRITE output signal 
appears 
at this 
pin; 
the 
WRITE 
signal 
is LOW 


when 
an 
instruction 
which 
writes 
data 
into 


the 
RAM is being 
executed. 
When 
LSS 
is tied 


HIGH, WRITE/MSS 
is an input pin; tying 
it HIGH 
programs 
the 
chip 
to 
operate 
as 
an 
inter- 
mediate slice (IS) and tying 
it LOW programs 
the 


chip to operate as the most significant slice (MSS). 


Four data inputs/outputs o.fthe Am2903/29203. Under 
control of the OEy input, the ALU shifter output data 
can be enabled onto these lines, or these lines can be 
used as data inputs when external data is written di- 
rectly into the RAM. 


A 
control 
input 
which, 
when 
LOW, 
enables 


the ALU shifter 
output 
data onto the Y0-3 
lines 


and, 
when 
HIGH, 
disables 
the 
YO-3 
three- 
state output buffers. 


The clock input to the Am2903/29203. The Q Register 
and 
Sign 
Compare 
flip-flop 
are clocked 
on the 


LOW-to-HIGH transition of the CP signal. When en- 
abled by WE, data is written in the RAM when CP is 
LOW. 


B 


Am2903 
• Am29203 


LbGIC SYMBOL 
CONNECTION DIAGRAM 
Top View 
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VCC = Pin 36 
GND = Pin 13 


47 
CP '. 
B, 


27 
A, 


10 


PE 
c. 


CP 
11 
46 
P, 
a, 
B2 


28 


P2 


A2 


12 
20 
a, 
5100 


P, 


0100 


a, 
13 
45 
Po 
Am9316 
B, 


10 
29 


CET 
A, 


14 
00 
'2 


CEP 
44 


Bo 
15 
30 
TC 
Ao 


GND 
41 


" 
40 


MSS 
Vcc 


Vcc 


O.lJ.lF 


'0 
11 


12 


(GNOJ 13 


14 


DIE SIZE 0.163" 
X 0.197" 


Note: 
Pin numbers 
correspond 
to DIP package. 


Vcc = 5.0V 
Frequency = 100kHz 
TA = +125°C 
All registers are 1/4 watt ±5% 
This circuit conforms to MIL-STD-BB3, Methods 1005 and 1015, Condition D. 
One Am9316 Can Drive Maximum of Five Am2903s. - 
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37 


GND 
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35 
34 


Am2903 
• Am29203 


OPERATING 
RANGES 
(over 
which 
DC, switching, 
and functional 
specifications 
apply) 


Part Number 
Suffix 


PC, PCB, 


COM'L 
oC,oCB, 
TA=Ot070°C 
4.75 to 5.25V 
2.0V 
0.8V 


XC 


oM,oMB, 


MIL 
FM, FMB, 
TC = -55 
to + 125°C 
4.50 to 5.50V 
2.0V 
0.3V 


XM 


ABSOLUTE 
MAXIMUM 
RATINGS 
(Above 
which 
the 
useful 
life may 
be impaired) 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 
Continuous 


DC Voltage 
Applied 
to Outputs 
for High 
Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 


DC Input 
Current 


-65 
to +150°C 


-55 
to +125°C 


-0.5 
to + l.OV 


-0.5 
to +Vcc max. 


-0.5 
to +5.5V 


30mA 


-30 
to +5.0mA 


Am29203 
Am2903 
Order 
Order 
Package Type 
Operating 
Range 
Screening 
Level 


Number 
Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM292030C 
AM29030C 
D-48 
C 
C-1 
AM29203OC-B 
AM2903OC-B 
0-48 
C 
B-2 (Note 4) 


AM29203DM 
AM2903DM 
0-48 
M 
C-3 
AM292030MB 
AM2903DM-B 
D-48 
M 
B-3 
AM29203FM 
AM2903FM 
F-48 
M 
C-3 
AM29203FMB 
AM2903FM-B 
F-48 
M 
B-3 


Am29203XC 
Am2903XC 
Dice 
C 
} 
Visual inspection 


Am29203XM 
Am2903XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded 
DIP, D = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
B for detailed 
outline. 


Where Appendix 
B contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 


2. C = O°C to + 70°C, Vcc 
= 4.75V to 5.25V, M = - 
55°C to +125°C, 
Vcc 
= 4.50V to 5.50V. 
3. See Appendix 
A for details of screening .. Levels C-1 and C-3 conform to MIL-STo-883, 
Class C. Level B-3 conforms 
to MIL-STo-883, 


Class B. 


4. 96 hour burn-in. 


10H = =.1.6mA 
2.4 
YO-Y3, GIN 


VOH 
Output HIGH Vo~age 
Vee = MIN. 
10H = =.800p.A 
Vo~s 
V1N = VIH or VIL 
OBO_3•P/OVA 
SIOo. S103. 0100, 0103• 


2.4 


WAITE, Cn+4 


leEx 


'Output Leakage Current 
Vee = MIN.• VOH = S.SV 
250 
p.A 
for Z Output (Note 4) 
V1N = VIH or VIL 


Yo. Y1• Y2 
IOL = 20mA (COM'L) 
0.5 
Y3.Z 
10L = 16mA (MIL) 


OBo.OB,. 
10L = 12mA (COM'L) 
0.5 


Output LOW Voltage 
Vee = MIN. 
OB2,OB3 
10L ~ 8.0mA (MIL) 
Vo~s 
VOL 
VIN = VIH = or VIL 
GIN 
10L = 18mA 
0.5 


P/OVA 
10L = 10mA 
0.5 


Cn+4. SIOo 
S103,0100 
10L = 8.0mA 
0.5 
0103. WAITE 


VIH 
Input HIGH Level 
Guaranteed 
input logical HIGH 
2.0 
Vo~s 
voltage for all inputs (Note 6) 


VIL 
Input LOW Level 
Guaranteed 
input logical LOW 
0.8 
Vo~s 
voltage for all inputs (Note 6) 


VI 
IInput Clamp Voltage 
Vee = MIN., IIN = -18mA 
-1.5 
Vo~s 


Cn 
-3.6 


Yo, Y1, Y2, Y3 
-1.13 


10,11,12• 13,14 
-0.72 


IlL 
Input LOW Current 
Vee 
= MAX .• VIN = O.SV 
OAo• OA1• OA2• OA3 
mA 


(Note 4) 
SIOo, ~. 
0100• 


0103, MSS, OBo. OB1, 
-0.77 


OB2,OB3 


All other inputs 
-0.36 


Cn 
200 


Yo, Y1, Y2, Y3 
110 


10-14,OAo-OA3 
40 


IIH 
Input HIGH Current 
Vee 
= MAX., VIN = 2.7V 
SIOo. S103, 0100, 
p.A 


(Note 4) 
0103• OBO_3' 
90 
MSS 


All other inputs 
20 


II 
Input HIGH Current 
Vee = MAX.• V1N ~ S.SV 
1.0 
mA 


Vo = 2.4V 
110 


10ZH 
Off State 
Vee 
= MAX .• 
YO-Y3 
Vo = O.SV 
-1130 
p.A 


(HIGH Impedance) 
lOll 
Output Current 
(Note 4) 
OBO_3•0100, 0100• 
Vo - 
2.4V 
90 


SIOo• S103, MSS/IS 
Vo - 
O.SV 
-770 


105 
Output Short Circuit 
Vee = MAX + O.SV 
-30 
-85 
mA 
Current (Note 3) 
Vo = O.SV 


TA = 2S·C 
220 
335 


TA=Ot070·C 
350 


Power Supply Current 
COM'L 


Ice 
(Note 5) 
Vee = MAX. 
TA = 70·C 
291 
mA 


Te = -55 
to 12S·C 
395 
MIL 
Te = 12S·C 
258 


Notes: 
1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics 
for the applicable device type. 


2. Typical limits are at Vcc = 5.QV, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. YO-3' 080-3, 
5100.3, Q100.3 and WRITElMS5 ara thraa state outputs internally connectad to TIL inputs. Z is an open·collector output internally 


connected to a TTl 
input. Input characteristics 
are measured under conditions such that the outputs are in the OFF state. 
5. Worst case Ice 
is at minimum temperature. 
6. These Input levels provide zero noise immunity and should only be tested in a static, noise· free environment. 


Am2903 sWitohing characteristics 
are dependent on tempera- 


ture, voltage, and the operating mode of the device. The detailed 
data for the part is given in the 24 tables comprising Appendix A 


of this data sheet. For reference, one set of these tables is 
reproduced on this page and the next. For switching data for 
special functions and military devices, refer to Appendix A. 


TABLE III A 
Guaranteed Combinational Delays 
TA = O°C to +70°C, 
Vcc 
= 4.75V to 5.25V 
Standard Functions 


~ 


01°0 
51°0 
- - 
--- 
From Input 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A Address 
86 
81 
69 
110 
86 
108 
- 
- 
- 
84 
94 
115 
(Arith. Mode) 
B Address 
99 
88 
81 
123 
99 
112 
49 
- 
- 
94 
104 
140 


A Address 
87 
- 
68 
111 
89 
- 
- 
- 
- 
79 
94 
115 
(Logic MOde) 
B Address 
84 
- 
73 
108 
84 
- 
49 
- 
- 
84 
90 
120 


DA Inputs 
63 
60 
49 
87 
64 
89 
- 
- 
- 
60 
70 
101 
(Arith. Mode) 
DB Inputs 
61 
59 
47 
85 
62 
84 
- 
- 
- 
62 
68 
98 


DA Inputs 
64 
- 
48 
88 
66 
- 
- 
- 
- 
61 
72 
101 
(Logic Mode) 
DB Inputs 
55 
- 
32 
79 
57 
- 
- 
- 
- 
52 
61 
93 


EA 
59 
53 
42 
83 
59 
83 
- 
- 
- 
57 
64 
98 


Cn 
40 
30 
- 
64 
40 
58 
- 
- 
- 
38 
46 
67 


10 
52 
48 
36 
76 
52 
63 
- 
49 
* 
50* 
58* 
93* 


14321 
I 
71 
65 
72 
95 
69 
84 
- 
49 
* 
66* 
73* 
105* 


18765 
I 
42 
- 
- 
66 
- 
- 
- 
50 
60* 
42* 
45* 
42* 


IEN 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


51°3,51°0 
26 
- 
- 
50 
- 
- 
- 
- 
- 
- 
29 
36 


Clock 
87 
87 
71 
111 
88 
108 
37 
- 
40 
84 
92 
105 


Y 
- 
- 
- 
24 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
I 
44 
- 
44 
68 
.44 
44 
- 
- 
- 
44 
46 
44 


Note: 
A "*" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * isthe delay 


to correct data on an enabled output. A * shown without a number means the output is disabled 
by the input or it is enabled 
but the delay to 


correct data is determined 
by something 
else. 


TABLE III B 
Guaranteed 
Set-up and Hold Times 
TA = O°Cto +70°C, VCC = 4.75V to 5.25V 
All Functions 


CAUTION: 
READ NOTES TO TABLE B. NA = Not Applicable; 
no timing 
constraint. 
::s:: 


HIGH-to-LOW 
LOW-to-HIGH 


With Respect 
, 


From Input 
to this Signal 
Set-up 
Hold 
Set-up 
Hold 
Comment 


Y 
Clock 
NA 
NA 
20 
3 
To store Y in RAMor 0 


WE HIGH 
Clock 
25 
Note 2 
Note 2 
0 
To PreventWriting 


WE LOW 
Clock 
NA 
NA 
30 
0 
To Write into RAM 


A, B as Sources 
Clock 
27 
3 
NA 
NA 
See Note 3 


B as a Destination 
Clockand WE both LOW 
6 
Note 4 
Note 4 
3 
To Write Data only into 
the Correct B Address 


01°0,01°3 
Clock 
NA 
NA 
21 
3 
To Shift 0 


18765 
Clock 
24 
Note 5 
Note 5 
0 


IEN HIGH 
Clock 
30 
Note 2 
Note 2 
0 
To PreventWriting into 0 


IEN LOW 
Clock 
NA 
NA 
30 
0 
To Write into 0 


143210 
Clock 
24 
- 
68 
0 
See Note 6 


Notes: 
1. For set-up times .from all inputs not specified in Table B, the 


set-up time is computed by calculating the delay to stable Y 
outputs and then allowing the Y set-up time. Even ilthe RAM is 
not being loaded, the Y set-up time is necessary to set-up the 
Q register. All unspecified hold times are less than or equal to 
zero relative to the clock LOW-to-HIGH edge. 


2. WE controls writing into the RAM. IEN controls writing into Q 


and, indirect!l,s0ntrols 
WE through the write output. To pre- 
vent writing, IEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and IEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


TABLE III C 


Guaranteed 
Enable/Disable 
Times 
TA = O°Cto +70°C, VCC = 4.75V to 5.25V 
All Functions 


OEY 
Yi 
27 
25 
ns 


OEB 
OBi 
31 
25 
ns 


18 
SIOo, SI03 
25 
ns 


18765 
01°0,01°3 
60 
ns 


143210 
01°0,01°3 
65 
60 
ns 


LSS 
WRITE 
31 
25 
ns 


Note: 
1. CL = 5.0pFfor outputdisabletests.Measurementis madeto a 0.5V 


changeon the output. 


3. A and B addresses must be set-up prior to clock LOW transi- 
tion to capture data in latches at RAM output. 


4. Writing occurs when CP and WE are both LOW. The B ad- 


dress should be stable during this entire period. 


5. Because 18765control the writing or not writing of data into 


RAM and Q, they should be stable during the entire clock LOW 
time unless IEN is HIGH, preventing writing. 


6. The set-up time prior to the clock LOW-to-HIGH transition 


occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 1432;0, relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L -+ H, and (2) the sum of the set-up time prior to cloc~ 
H -+ L and the clock LOW time. 


TABLE III D 
Guaranteed 
Clock and Write Pulse Characteristics 


TA = O°Cto + 70°C,· VCC = 4.75V to 5.25V 


All Functions 


MinimumClock LOWTime 
30 
ns 


MinimumClock HIGHTime 
30 
ns 


MinimumTime CP and WE 
30 
ns 
both LOWto Write 


CYCLE TIMES FOR 16·81T SYSTEM 
FOR COMMON OPERATIONS 


The illustration 
below shows a typical configuration 
using 4 
Am2903 Superslices, an Am2902A carry lookahead chip, and the 
Am2904 for shift mUltiplexers, status registers, and carry-in con- 
trol. For the system enclosed within the dashed lines, there are 
four major switching paths whose values for various kinds of 
cycles 
are summarized 
below, 
and shown 
on the timing 


waveform. 


1. MICROCYCLE TIME (TCHCH). 
The minimum time which must elapse between a LOW-TO- 
HIGH clock transition 
and the next LOW-TO-HIGH 
clock 


transition. 


2. DATA SET-UP TIME (TDVCH). 
The minimum time which must be allowed between valid, 
stable data on the D inputs and the clock LOW-TO-HIGH 
transition. 


3. D TO Y (TDVYV). 
The maximum time required to obtain valid Y output data after 
the D inputs are valid. This is the combinational delay through 
the parts from D to Y. 


~----- 


I 


I 


I 


I 


4. CP TO Y (TCHYV). 
The maximum time required to obtain valid Y outputs after a 
clock LOW-TO-HIGH transition. 


The types of cycles for which data is summarized are as follows: 


1. Logic - Any logical operation without a shift. 
2. Logic Rotate - 
Any logic operation with a rotate or shift. 


3. Arithmetic - 
An add or subtract with no shift. 


4. Multiply - The first cycle of a 2's complement mUltiply instruc- 
tion. Subsequent cycles require less time. 
5. Divide - The iterative divide cycle. The first divide instruction 
and the last divide (correction) instruction require 
less time. 


LOGIC 
143 
105 
64 
102 


LOGIC ROTATE 
180 
143 
123 
160 


ARITHMETIC 
184 
137 
96 
143 


MULTIPLY 
200 
140 
120 
180 


DIVIDE 
228 
167 
128 
189 


I 


I 


CP P'PELI~;':~~'STEA 
I 


I 


I 


I 


Am2903 APPLICATIONS 


The Am2903 is designed to be used in microprogrammed sys- 
tems. Figure 1 illustrates a recommended architecture. The con- 
trol and data inputs to the Am2903 normally will all come from 
registers clocked at the same time as the Am2903. The register 
inputs come from a ROM or PROM - the "microprogram store". 
This mElmory contains sequences of microinstructions 
which 


apply the proper control signals to the Am2903's and other cir- 
cuits to execute the desired operation. 


The address lines of the microprogram store are driven from the 
Am2910 Microprogram Sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the microprogram store. Essen- 
tially, these bits are the "next instruction" control. 


microinstruction 
is executed, the next microinstruction 
is being 
read from microprogram memory. In this configuration, system 
speed is improved because the execution time in the Am2903's 
occurs in parallel with the access time of the microprogram store. 
Without the "pipeline register", these two functions must occur 
serially. 


Expansion of the Am2903 


The Am2903 is a four-bit CPU slice. Any number of Am2903's 
can be interconnected to form CPU's of 8, 16,32, or more bits, in 
four-bit increments. Figure 2 illustrates the interconnection offour 
Am2903's to form a 16-bit CPU, using ripple carry. 


With the exception of the carry interconnection, 
all expansion 


schemes are the same. The 0103 and SI03 pins are bidirectional 
left/right shift lines at the MSB of the device. For all devices 
except the most significant, these lines are connected to the 0100 
and SIOo pins of the adjacent more significant device. These 
connections allow the 0 Registers of all Am2903's to be shifted 
left or right as a contiguous n-bit register, and also allow the ALU 
output data to be shifted left or right as a contiguous n-bit word 
prior to storage in the RAM. At the LSB and MSB of the CPU, the 
shift pins should be connected to a shift multiplexer which can be 
controlled by the microcode to select the appropriate input sig- 
nals to the shift inputs. 


Device 1 has been defined as the least significant slice (LSS) and 
its LSS pin has accordingly 
been grounded. The Write/Most 


Significant Slice (WRITEJMSS) pin of device 1 is now defined as 
being the Write output, which may now be used to drive the write 
enable (WE) signal common to the four devices. Devices 2 and 3 
are designated as intermediate slices and hence the LSS and 
WRITE/MSS pins are tied HIGH. Caution: 
W/MSS must be tied 


to Vcc through a resistor; W/MSS and LSS may not be shorted 
directly together. Device 4 is designated the most significant slice 
(MSS) with the LSS pin tied HIGH and the WRITE/MSS pin held 
LOW. The open collector, bidirectional Z pins are tied together for 
detecting zero or for inter-chip communication for some special 
instruction. The Carry-Out (Cn+4) is connected to the Carry-In 
(Cn) of the next chip in the case of ripple carry. For a faster carry 
scheme, an Am2902 may be employed (as shown in Figure 3) 
such that the Gand P outputs of the Am2903 are connected to the 
appropriate G andPinputs of the Am2902, while the Cn+x, Cn+y, 
and Cn+z outputs of the Am2902 are connected to the en inputof 
the appropriate Am2903. Note that G/N and P/OVR pin functions 
are device dependent. The most significant slice outputs Nand 
OVR while all other slices output G and P. 


DEVICE 
3.r· 


DA 
DB 


0103 
0100 


SI03 
5100 


Cn+4 
C" 
'5 
Am2903/29203 


w/MSS 
ill 


WE 


01°15 


51°15 


CARRY 
OUT 


NEGATIVE 


OVERFLOW 


DA 
DB 


0100 


SloO 


C" 


W!MSS 
ill 
+5-::- 


WE 


DEVICE 
2 
f·r· 


DA 
DB 


0103 
0.00 


S103 
5100 


Cn+4 
C" 
'5 


Am290J/29203 


W!MSS 
ill 


WE 


0100 


SloO 


CARRY 
IN 


The IEN pin of the Am2903 allows the option of conditional 
instruction execution. If IEN is LOW, all internal clocking is en- 
abled, allowing the latches, RAM, and Q Register to function. If 
IEN is HIGH, the RAM and Q Register are disabled. The RAM is 
controlled by IEN if WE is connected to the WRITE output. 


It would be jlPpropriate at this point to mention that the Am2903 
may be microcoded to work in either two-or three-address 
ar- 


chitecture modes. The two-address modes allow A+B-+ 
B while 


the three-address mode makes possibleA+B-+C. 
Implementa- 
tion of a three-address architecture is made possible by vary- 
ing the timing of IEN in relationship to the external clock and 
changing the B address as shown in Figure 4. This technique if' 
discussed in more detail under Memory Expansion. 


Parity 


The Am2903 computes parity on a chosen word when the instruc- 
tion bits 15-8 have the values of 416 to 716 as shown in Table 3. 
The computed parity is the result of the exclusive OR of the 
individual ALU outputs and 8103, Parity output is found on 8100- 
Parity between devices may be cascaded by the interconnection 
of the 8100 and 8103 ports of the devices as shown in Figure 3_ 
The equation for the parity output at 8100 port of device 1 is 
given by 8100 = F15 't- F14 -"., F13 't .-- V 
F1 't 
Fo 't 


81015, 


B 


DA 
DB 


QI015 
01°3 
01°0 


51°15 
5103 
SIOO 


CARRY 
Cn+4 
Co 
OUT 


NEGATiVe 
N Am2903/29203 


OVERFLOW 
OVR 
I'IIMSS 
., 


ZERO 
m 


WE 


~ 
Am2903/29203 


1'11= 
m 


DA 
OB 


0103 
01°0 


Sl03 
SIOO 


Co 
., 
G Am290J/29203 


I'IIMSS 


CSS 


WE 


01°0 


SIOO 


CARRY 
IN 


5103 
SIOO 


Co 


G 
Am2903f29203 


I'IIMSS 


I- TWOAOORESS 
MOOE-j--- 
THREEADDRESSS 
MODE-j 


EXTERNALCLOCK--.! 
\~~/ 
\~~I 


IEN 
\ 
/ 
~ 


BM§9( 


STABLE 
X 


STABLE 


~ 


STABLE >C 


SOURCE 
DEST 


Am2903/29203 
Am2903/29203 
Am2903/29203 
Am2903/29203 
SI03 
SIOO 
51°3 
51°0 
51°3 
51°0 
51°3 
51°0 - 
,--- 
16-18 
- 
16-18 
- 
16-18 
- 
16-18 
- 
'50 
- 
'SC 
- 
'50 
- 
'SA 


,>-- 


, 
, 


HIGH 


'50 


CHIP 
lk 


SIGN 


EXTEND 
''a 


'SA 


Sign Extend 


Sign extension across any number of Am2903 devices can be 
done in one microcycle. Referring again to the table of instruc- 
tions (Table 3), the sign extend instruction (Hex instruction E) 
on 15-8 causes the sign present at the SIOo port of a device 
to be extended across the device and appear at the SI03 port 
and at the Y outputs. If the least significant bit of the instruc- 
tion (bit 
15) is HIGH, Hex instruction 
F is present 
on 
15-8, 


commanding a shifter pass instruction. At this time, F3 of the 
ALU is present on the SI03 output pin. It is then possible to 
control the extension of the sign across chip boundaries 
by 


controlling the state of 15 when IS-8 
are HIGH. Figure 5 out- 


lines the Am2903 in sign extend mode. With IS-8 
held HIGH, 
the individual chip sign extend is controlled 
by ISA-o. If, for 


example, 
ISA and 156 are HIGH while Isc and 
150 are LOW, 
the signal present at the boundaries of devices 2 and 3 (F3 of 
device 2) will be extended across devices 3 and 4 at the SI03 
pin of device 4. The output of the four devices will be avail- 
able at their respective Y data ports. The next positive edge 
of the clock will load the Y outputs into the address selected 
by the B port. Hence, the results of the sign extension 
is 


stored in the RAM. 


SPECIAL FUNCTIONS 


When 10-4 = O. the Am2903 is in the Special Function mode. In 
this mode, both the source and destination are controlled by 15-8, 
The Special Functions are in essence special microinstructions 
that are used to reduce the number of microcycles needed to 
execute certain functions in the Am2903. 


Normalization, Single- and Double-Length 


Normalization is used as a means of referencing a number to a 
fixed radix point. Normalization strips out all leading sign bits such 
that the two bits immediately adjacent to the radix point are of 
opposite polarity. 


Normalization is commonly used in such operations as fixed-to- 
floating point conversion and division. The Am2903 provides for 
normalization 
by using the Single-Length 
and Double-Length 


Normalize commands. Figure 6a represents the 0 Register of a 
16-bit processor which contains a positive number. When the 
Single-Length 
Normalize command 
is applied, each positive 


edge of the clock will cause the bits to shift toward the most 
significant bit (bit 15) olthe 0 Register. Zeros are shifted in via the 
0100 port. When the bits on either side of the radix point (bits 14 
and 15) are of opposite value, the number is considered to be 
normalized as shown in Figure 6b. The event of normalization is 
externally irdicated by a HIGH level on the Cn+4 pin of the most 
significant slice (Cn+4 MSS = 03 MSS V O2 MSS). 


b) Normalized Positive Number. 


Figure 6. 


There are also provisions made for a normalization 
indication 
via the OVR pin one microcycle before the same indication is 
available on the Cn+4 pin (OVR = O2 MSS V 0, 
MSS). This 


is for use in applications that require a stage of register buffer- 
ing of the normalization indication. 


Since a number comprised of all zeros is not considered 
for 


normalization, 
the Am2903 
indicates when such a condition 


arises. Ifthe 0 Register is zero and the Single-Length Normaliza- 
tion command is given, a HIGH level will be present on the Z line. 
The sign output, N, indicates the sign of the number stored in 
the 0 
register, 03 MSS. An unnormalized 
negative number 


(Figure la) is normalized in the same manner as a positive 
number. The results of single-length normalization 
are shown 


in Figure lb. The device 
interconnection 
for single-length 


normalization 
is outlined 
in Figure 8. During 
single 
length 


normalization, 
the number 
of shifts 
performed 
to achieve 


normalization can be counted and stored in one of the work- 
ing registers. This can be achieved by forcing a HIGH at the 
Cn input of the least significant slice, since during this special 
function the ALU performs the function [B] 
+ Cn and the re- 


sult is stored in B. 


Normalizing a double-length word can be done with the Double- 
Length Normalize command which assumes that a user-selected 
RAM Register contains the most significant portion of the word to 
be normalized while the 0 Register holds the least significant half 
(Figure 9). The device interconnection for double-length normal- 
ization is shown in Figure 10. The Cn+4' OVR, N, and Z outputs of 
the most significant slice perform the same functions in double- 
length normalization as they did in single-length normalization 
except that Cn+4' OVR, and N are derived from the output of the 
ALU of the most significant slice in the case of double-length 
normalization, instead of the 0 Register of the most significant 


03 MSS 


Q3"'02 MSS 


"2"0, 
MSS 


03 MSS 


IF3VF2) 
MSS 


(F2VF1) 
MSS 


F3 MSS 


slice as in single-length 
normalization. 
A high-level Z line in 


double-length normalization reveals that the outputs of the ALU 
and Q Register are both zero, hence indicating that the double- 
length word is zero. 


When double-length 
normalization 
is being performed, 
shift 


counting is done either with an extra microcycle or with an exter- 
nal counter. 


Sign Magnitude, Two's Complement Conversion 


As part of the special instruction set, the Am2903 can convert 
between two's 
complement 
anCi sign/magnitude 
representa- 


tions. Figure 11 illustrates the interconnection needed for sign 
magnitude/two's 
complement 
conversion. 
The word to be 


converted is applied to the S input port of tHe ALU (from the 
RAM B port or the DB I/O port). The Cn input of device 1 is 
connected to the Z pin. The sign bit (S3MSS) is brought out on the 
Z fine and informs the other ALU's If the conversion is being 
performed on a negative or positive number. If the number to be 
converted 
is the most negative number in two's complement 


[ Le., 100 ... 
00 (-2")J, 
an overflow indication will occur. This is 
because - 2" is one greater than any number that can be repre- 
sented in sign magnitude notation and hence an attempted con- 
version to sign magnitude from _2" will cause an overflow. When 
minus zero in sign magnitude notation (100 ... 
0) is converted to 


two's 
complement 
notation, 
the correct 
result 
is obtained 


(0 ... 0). 


Increment by One or Two 


Incrementation by One or Two is made possible by the Special 
Function of the same name. This command is quite useful in the 
case of byte addressable words. Referencing Figure 12, a word 
may be incremented by one if C" is LOW or incremented by two if 
Cn is HIGH. 


Unsigned Multiply 


This Special Function allows for easy implementation 
of un· 


signed multiplication. 
Figure 13 is the unsigned multiply flow 


chart. The algorithm requires that initially the RAM word ad- 
dressed by Address port B be zero, that the multiplier be in the 
Q Register, and that the multiplicand 
be in the register ad- 


dressed 
by Address 
port A. The initial 
conditions 
for the 


execution of the algorithm are that: 1) register Ro be reset to 
zero; 2) the multiplicand be in R,; and 3) the multiplier be in 
R2. The first operation transfers the multiplier, 
R2, to the Q 


Register. The Unsigned Multiply instruction is then executed 
16 times. During the Unsigned MUltiply instruction, 
Ro is ad- 


dressed by RAM address port B and the multiplicand 
is ad- 


dressed by RAM address port A. 


When the unsigned Multiply command is given, the Z pin of 
device 1 becomes an output while the Z pins of the remaining 
devices are specified as inputs as shown in Figure 15. The Z 
output of device 1 is the same state as the least significant bit 
of the multiplier in the Q Register. The Z output of device 1 
informs the ALU's of all the slices, via their Z pins, to add the 
partial product (referenced by the B address port) to the mul- 


F'" [B] + en if Z = 0 
F=rBi 
+CnifZ=l 
F ...•Y.B 
V3 MSS· 
(53 


"1 
Fa) MSS 


DEVICE 4 


START 
Oin 
RO 
Multiplicand in R, 
Multiplier in RZ 


END 
Product IMS) in RO 
Product ILS) in a 
Multiplicand in R, 
Multiplier in R2 


tiplicand (referenced by the A address port) if Z = 1. If Z = 0, 
the output of the ALU is simply the partial product (referenced 
by the B address port). Since Cn is held LOW, it is not a fac- 
tor in the computation. 
Each positive-going 
edge of the clock 


will internally shift the ALU outputs toward the least significant 
bit and simultaneously 
store the shifted results in the register 


selected by the B address port, thus becoming the new partial 
sum. During the down shifting process, the Cn+4 generated in 
device 4 is internally shifted into the Y3 position of device 4. 
At this time, one bit of the multiplier will down shift out of the 
QIOo ports of each device into the Ql03 port of the next less 
significant slice. The partial product is shifted down between 
chips in a like manner, between the SIOo and SI03 ports, with 
SIOo of device 
1 being connected 
to Q103' of device 4 for 


purposes 
of constructing 
a 32-bit long register to hold the 


32-bit product. At the finish of the 16 x 16 multiply, the most 
significant 
16 bits of the product will be found in the register 


referenced by the B address lines while the least significant 
16 bits are stored in the Q Register. Using a typical Computer. 
Control Unit (CCU), as shown in Figure 16, the unsigned mul- 
tiply operation requires only two lines of microcode, as shown 
in Figure 17, and is executed in 17 microcycles. 


Two's 
Complement Multiplication 


The algorithm for two's complement multiplication is illustrated 
by Figure 14. The initial conditions for two's complement mul- 
tiplication are the same as for the unsigned multiply operation. 
The Two's Complement 
Multiply Command 
is applied for 15 


clock cycles in the case of a 16 x 16 multiply. 
During the 
down shifting process the term NVOVR 
generated in device 


4 is internally shifted into the Y3 position of device 4. The data 
flow shown in Figure 15 is still valid. After 15 cycles, the sign 
bit of the multiplier is present at the Z output of device 1. At 
this time, the user must place the Two's Complement Multiply 
Last cycle command 
on the instruction 
lines. The intercon- 


nection for this instruction is shown in Figure 18. On the next 
positive edge of the clock, the Am2903 will adjust the partial 
product, if the sign of the multiplier is negative, by subtracting 
out the two's complement representation of the multiplicand. If 
the sign bit is positive, the partial product is not adjusted. At 
this point, two's complement multiplication is completed. Using 
a typical CCU, as shown in Figure 16, the two's complement 
multiply operation requires only three lines of microcode, as 
shown in Figure 19, and is executed in 17 microcycles. 
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o in RO 
Multiplicand in A, 
Multiplier in R2 


END 
Product (MSj in RO 


•••. Product (lS) in a 


Multiplicand in R, 
Multiplier in R2 


0103 


Cn+4 


OVA Am2903/29203 
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Note: 
For unsigned multiply, 
en +4 MSS is internally 
shifted 
into position 
Y3 MSS; 2's complement 
multiply 
NVOVR 
is internally 
shifted 
into 
position 
Y3 MSS. 
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Micro 
Memory Am2910 
Address 
Inst 
Comment 


Load 
Counter 
& R2 -+ Q 


Unsigned 
Multiply 


'Data 


Am2910 
Pipeline 
Inst 
Reg. 


o 
0 
< 
1XI 
I 
I 
M 
M 
< 
1XI 


n 
LDCT 
00E'6 
X 
6 
6 
X 
X 
R2 X 
0 
Load Counter & R2 -+ Q 


n+1 
RPCT 
n+1 
0 
0 
2 
0 
0 
R, Ro 
0 
2's Complement 
Multiply 


n+2 
X 
X 
0 
0 
6 
0 
0 
R, Ro 
Z 
2's Complement 
Multiply (Last Cycle) 


START 
Divisor in RO 
Dividend 
(MS) 
in R1 
Dividend 
(LS) 
in R4 
The division process is accomplished 
using a four quadrant 


non-restoring 
algorithm which yields an algebraically 
correct 


answer such that the divisor times the quotient plus the re- 
mainder 
equals the dividend. The algorithm 
works for both 


single 
precision 
and multi-precision 
divide 
operations. 
The 


only condition that needs to be met is that the absolute mag- 
nitude of the divisor be greater than the absolute magnitude 
of the dividend. For multi-precision divide operations the least 
significant bit of the dividend is truncated. This is necessary if 
the answer is to be algebraically correct. Bias correction is au- 
tomatically provided by forcing the least significant bit of the 
quotient to a one, yet an algebraically 
correct answer is still 


maintained. Once the algorithm is completed, the answer may 
be modified to meet the user's format requirements, 
such as 


rounding off or converting the remainder so that its sign is the 
same as the dividend. 
These format 
modifications 
are ac- 


complished using the standard Am2903 instructions. 


The true value of the remainder is equal to the value stored in 
the working register times 2"-' 
when n is the number of quo- 


tient digits. 


The following paragraphs 
describe a double precision divide 


operation. The double precision flow chart is based upon the 
use of the architecture detailed in Figure 16. 


Referring to the flow chart outlined in Figure 20, we begin the 
algorithm with the assumption that the divisor is contained in 
Ro, while the most significant and least significant halves of 
the dividend reside in R, and R4 respectively. The first step is 
to duplicate the divisor by copying the contents of Ro into R3. 
Next the most significant 
half of the dividend 
is copied 
by 


transferring 
the contents of R, into R2 while simultaneously 


checking to ascertain if the divisor (Ro) is zero. If the divisor is 
zero then division 
is aborted. If the divisor is not zero, the 


copy of the most significant half of the dividend in R2 is con- 
verted from its two's complement to its sign magnitude 
rep- 


resentation. The divisor in R3 is converted in like manner in 
the next step, while testing to see if the results of the dividend 
conversion 
yielded an indication on the overflow 
pin of the 


Am2903. If the output of the overflow pin is a 'one' then the 
dividend 
is -2" 
and hence is the largest possible 
number, 
meaning that it cannot be less than the divisor. What must be 
done in this case is to scale the dividend by down shifting the 
upper 
and lower halves 
stored in R, and R4 respectively. 


After 
scaling, 
the 
routine 
requires 
that 
the 
algorithm 
be 


reinitiated at the beginning. 


Conversely, 
if the output of the overflow 
pin is not a one, 


the sign magnitude representation of the divisor (R3) is shifted 
up in the Am2903, removing the sign while at the same time 
testing the results of two's 
complement 
to sign magnitude 


conversion of the divisor in the Am2910. If the results of the 
test indicate that the divisor is _2" 
I.e., overflow equals one, 


then the lower half of the dividend is placed in the Q register 


END 
8 
Quotient 
in a 
END 


Remainder 
in R1 


B 


Cn+4 


OVR Am2903!29203 


N 


and division may proceed. This is possible because the di- 
visor is now guaranteed to be greater than the dividend. If 
overflow is not a one then we must proceed by shifting out 
the sign of the sign magnitude representation 
of the dividend 


stored in R~. At this point we are able to check if the divisor is 
greater thari the dividend by subtracting the absolute value of 
the divisor (R3) from the absolute value of the upper half of 
the dividend (R2) and storing the results in R3. Next, the least 


significant half of the dividend is transferred from R4 to the Q 
register while simultaneously testing the carry from the result 
of the divisor/dividend 
subtraction. 
If the carry (Cn+4) is one, 


indicating the divisor is not greater than the dividend then a 
scaling operation must occur. This involves either shifting up 
the divisor or shifting down the dividend. If the carry is not 
one then the divisor is greater than the dividend and division 
may now begin. 
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OVR ,. 1, scale 


n+4 
CJP 
n+7 
0 
4 
9 
X 
X 
R2 
0 
OVR 
1 
Shift out sign of divisor 


n+S 
CaNT 
X 
0 
4 
9 
X 
X 
R3 
0 
X 
X 
Shift out sign of divisor 


n+6 
CaNT 
X 
0 
2 
F 
0 
R2 
R3 
1 
X 
X 
Dividend - Divisor 


Scale 
R4-+ Q, if 
n+7 
CJP 
Dividend 
0 
6 
6 
0 
R4 
X 
0 
Cn+4 
1 


or Divisor 
Carry = 1, scale 


n+S 
PUSH 
00016 
0 
0 
A 
0 
Ro 
R1 
0 
0 
1 
Loop set up and 
First DivideOperation 


n+9 
RFCT 
X 
0 
0 
C 
0 
Ro 
R1 
Z 
X 
X 
Test Loop Countand 
2's C Divide 


n+A 
CaNT 
X 
0 
0 
E 
0 
Ro 
R1 
Z 
X 
X 
2's C DivideCorrection 


The first divide operation is used to ascertain the sign bit of 
the quotient. The two's complement divide instruction is then 
executed repetitively, fourteen times in the case of a sixteen 
bit divisor and a thirty-two 
bit dividend. The final step is the 


two's complement correction command which adjusts the quo- 
tient by allowing the least significant bit of the quotient to IJe 
set to one. At the end of the division algorithm the sixteen bit 
quotient is found in the Q register while the remainder now 
replaces 
the most significant 
half of the dividend 
in R1. 
It 


should be noted that the remainder must be shifted down fif- 
teen places to represent its true value. The interconnections 
for these instructions are shown in Figures 21, 22, 23. Using 
a typical CCU as shown in Figure 16, the double precision di- 
vide operation 
requires 
only eleven 
lines of microcode, 
as 


shown in Figure 24. 


For those applications that require truncation 
instead of bias 


correction, 
the 
same 
algorithm 
as above 
should 
be im- 


plemented 
except one additional 
Two's 
Complement 
Divide 


instruction should be used in lieu of the Two's Complement 
Divide Correction 
and Remainder 
instruction. 
However, this 


technique results in an invalid remainder. 


It is possible to do mUltiple-precision divide operations beyond 
the double precision divide shown above. For example, to do 
a triple precision divide for a 16-bit CPU, the upper two thirds 
of the dividend are stored in R1 and Q as in the case for dou- 
ble precision divide. The lower third of the dividend is stored 
in a scratch register, R5. After checking that the magnitude of 
the divisor 
is greater 
than the magnitude 
of the dividend, 


using the same tests as defined in Figure 20, the procedure is 
as follows: 


1. Execute a Double Length Normalize/First 
Divide Operation 
instruction. 
2. Execute the Two's 
Complement 
Divide instruction 
fifteen 
times. 
3. Transfer the contents of Q, the most significant half of the 
quotient, to R2. 
4. Transfer R5 to Q. 
5. Execute the Two's Complement 
Divide instruction 
fifteen 
times. 


6. Execute 
the Two's 
Complement 
Divide 
Correction 
and 
Remainder instruction. 


The upper half of the quotient is then in R2, the lower half of 
the quotient is in Q and the remainder is in R1. The flow chart 
for this is shown 
in Figure 25. This technique 
can be ex- 


panded for any precision which is required. 


The multi-port architecture of the Am2903 allows for easy im- 
plementation of high- and low-order byte ,;wapping. Figure 26 
outlines a byte swap implementation 
utilizing two data ports. 


Initially, the lower order 8-bit byte is stored in devices 1 and 2, 
while the high-order byte is in devices 3 and 4. When the user 
wishes to exchange the two bytes, the register location of the 
desired word is placed on the B address port. When the byte 
swap line is brought LOW, the bytes to be swapped will be 
flOWing from 
the 
DB porls 
of the 
Am2903 
through 
the 


Am2958/2959 
Three-state 
Buffers. The outputs of the three- 


START 
Dlvleor 
In RO 
Dividend (MS) In R, 
Dividend 
(Int.) In A4 
Dividend (lS) 
In RS 


(3 


END 
(0 
QuoUent (MS) In R2 
END 


Quotient 
(lS) 
In Q 
Remelnder 
In R1 


state buffers are permuted such that the byte swap is achieved. 
The resultant permuted data is presented to the DA ports of the 
Am2903 where it is re-Ioaded into the memories of the Am2903 
on the next positive edge of CP using the source and (unction 
commands of F = A plus Cn (Cn = 0) for the Am2958 or F = A 
plus Cn (Cn = 0) for the Am2959 and the destination command 
F 
Y, B. 


A higher speed technique for achieving the byte swap opera- 
tion is illustrated 
in Figure 27 
Instead of inputting the per- 


muted data via the DA ports, the permuted data is entered via 
the Y input/output ports with OEY held HIGH. This technique 
bypasses the ALU, thus allowing faster operation. The Am2903 
destination command F ...• Y, B should be used. 


WORD/BYTE OPERATIONS 


The Am29203 allows for Word/Byte Operations. Figure 28 pic- 
tures a 16-bit system which is capable of doing word or byte 
(lower half of word) operations. 


In the Byte mode the BYTE/WORD line is HIGH which in turn 
asserts a LOW on the W/MSS input of Device 2 making it the 
MSS device. At the same time the multiplexer selects the status 
flags of Device 2. The IEN and OEy of Devices 4 and 3 are 
forced HIGH which disables them from writing into RAM or onto 
the Y bus. 


In the word mode Device 4 is the MSS device and the multi- 
plexer selects its status flags. The IEN inputs are brought low 
which enables writing in to RAM. The OEy is also allowed to go 
low. 


MEMORY EXPANSION 


Both the Am2903 and Am29203 allow for a theoretically infinite 
memory expansion, but the technique is slightly different. (The 
Am29203 allows writing less than a full word, e.g., a byte.) Fig- 
ure 29, Am2903 and Am29705, pictures a 4-bit slice of a system 
which has 48 words of RAM and 16 words of ROM. RAM storage 
is provided by the Am2903 and the Am29705s. The Am29705 
RAM 
is functionally 
identical 
to the 
Am2903 
RAM. 
The 
Am27S19 
is used to store constants and masks and is ad- 
dressable from address port A only. The system is organized 
around five data buses. Inter-bus communication may be done 
through the Am29705s or the Am2903. The memory addressing 


scheme specifies the data source for the R input of the ALU 
eminating from the register locations specified by address field 
A. AO-3 
addresses 16 memory locations in each chip while ad- 


dress bits A4-6 
are decoded and used for the output enable for 
the desired chip. The B address field is used to select the S input 
of the ALU and the C field is used to specify the register location 
where the result of the ALU operation is to be stored. 


Bits BO-3 
are for source register addressing in each chip. Bits B4 


and Bs are used for chip output enable selection. CO-3 
access the 


16 destination addresses on each chip while bits C4 and Cs 
control the Write Enable of the desired chip. The source and 
destination register address are multiplexed such that when the 
clock is HIGH, the source register address is presented to the B 
address ports olthe RAM's. The Instruction Enable (IEN) is HIGH 
at this time. The data flows from the Y port or the internal B port as 
selected by the decoder whose inputs are B4 and Bs. When the 
clock goes LOW, the data eminating from the selected Youtputs 
of the Am29705's 
and the RAM outputs of the Am2903 are 


latched and the destination address is now selected for use by the 
RAM address lines. When the destination address stabilizes on 
the address lines, the IEN pin is brought LOW. The WRITE output 
of the Am2903 will now go LOW, enabling the decoder sourced 
by address bits C4 and Cs. The selected decoder line will go 
LOW, allowing the desired memory location to be written into. To 
switch between two- and three-address 
architecture, the user 
simply makes the source and destination addresses the same; 
i.e., BO-3 
= CO-3 
and B4-S 
= C4-S' 
For two-address 
ar- 
chitecture, the MUX is removed from the circuit. 
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decoder. The advantage of separating the write signal from the 
IEN signal is that writing can be controlled over less than the full 
word length. For example, in a 16-bit system, the lower two 
devices can have one IEN signal and the upper two devices a 
second 'EN signal. Controlling these two signals separately al- 
lows data to be written in either byte without disturbing the other 
byte. The 2- and 3-address architecture is handled in the same 
way as with the Am2903. 


The expansion scheme using the Am29203 and Am29705 is 
only slightly different from that for the Am2903, and is illustrated 
in Figure 30. The difference is due to the fact that the WRITE 
signal from the Am29203 is not internally gated by IEN. This 
gating is pe10rmed external to the Am29203, either in a gate or, 
as shown in Figure 30, by using the enable on the chip select 
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The sWitching 
characteristics 
of the Am2903 
are a function 
of the 


power 
supply 
voltage, 
the temperature, 
and the operating 
mode 


of the device. 
The data 
has been 
condensed 
onto the tables 
on 


the following 
24 pages. 
The first sets of tables 
define 
the speeds 


of 
the 
device 
for 
all 
operations 
except 
the 
special 
functions 


(where 
143210 = 00000). 
The remaining 
tables 
define 
the speeds 


of the 
combinational 
paths 
for 
each 
of the 
special 
functions. 


Set-up 
and rold 
times 
do not change 
for the special 
functions. 
An 


index 
to 
the 
AC 
tables 
is shown 
below. 
The 
roman 
numeral 


identifies 
the conditions: 


I = room 
temperature 
typical 


II = room 
temperature 
guaranteed 


III = guaranteed 
commercial 
operating 
range 


IV = guaranteed 
military 
operating 
range 


A = standard 
function 
combinational 
delays 


B = set-up 
and 
hold times 


C = Enable/Disable 
times 
2 


D = clock 
and write 
pulses 
E = special 
function 
combinational 
delays 


Data 
is shown 
in Tables 
E in bold face 
where 
different 
from 
the 


data 
given 
in Tables 
A. Except 
where 
otherwise 
noted, 
data 
is 


taken 
with 
inputs 
switching 
between 
OV and 3.0V 
at 1V/ns, 
with 


the 
measurement 
point 
at 1.5V. 
Outputs 
are measured 
at 1.5V 


and 
are loaded 
with 
CL = 50pF 
and 
maximum 
DC load. 


Typical/ 
Table 
Data Type 
Guaranteed 
Conditions 
Applicable to 


IA 
Combinational 
Delays 
Typical 
5.0V, 25°C 
Standard functions 


IIA 
Combinational 
Delays 
Guaranteed 
5.0V, 25°C 
Standard functions 


iliA 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
Standard functions 


I 
B 
Set-up and Hold Times 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
All functions 


C 
Enable/Disable 
Times 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
All functions 


D 
Write Pulse and Clock 
Guaranteed 
4.75 to 5.25V, O°C to + 70°C 
All functions 


E-O 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
Unsigned multiply instruction 


E-2 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
Two's complement 
multiply instruction 


E-4 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
Increment by one or two instruction 


E-5 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to + 70°C 
Sign magnitude/two's 
complement 
conversion 


E-6 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
Two's complement 
multiply, last cycle 


E-8 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to + 70°C 
Single-length 
normalize 


E-A 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
First divide operation (db!. length norm.) 


E-C 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
Two's complement 
divide 


E-E 
Combinational 
Delays 
Guaranteed 
4.75 to 5.25V, O°C to +70°C 
Two's complement 
divide, correction 


IV A 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
Standard functions 


IV B 
Set-up and Hold Times 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
All functions 


IVC 
Enable/Disable 
Times 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
All functions 


IVD 
Write Pulse and Clock 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
All functions 


IV E-O 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
Unsigned multiply instruction 


IV E-2 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
Two's complement 
multiply instruction 


IV E-4 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
Increment by one or two instruction 


IV E-5 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
Sign magnitude/two's 
complement 
conversion 


IV E-6 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
Two's complement 
multiply, last cycle 


IV E-8 
Combinational 
Delays 
Guaranteed 
4:5 to 5.5V, -55°C 
to +125°C 
Single-length 
normalize 


IV E-A 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
First divide operation 
(db!. length norm.) 


IV E-C 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
Two's complement 
divide 


IV E-E 
Combinational 
Delays 
Guaranteed 
4.5 to 5.5V, -55°C 
to +125°C 
Two's complement 
divide, correction 


TABLE 
I A 


Typical 
Combinational 
Delays 


TA = 25°C, 
Vcc 
= 5.0V 
Standard 
Functions 


~ 
WRITE 


QIOo 
51°0 


From 
I"put 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
Q103 
51°0 
51°3 
Parity 


A Address 
54 
48 
43 
66 
54 
67 
- 
- 
- 
52 
58 
74 


(Arith. Mode) 
B Address 
63 
56 
52 
75 
62 
71 
31 
- 
- 
61 
66 
90 


A Address 
54 
- 
42 
66 
55 
- 
- 
- 
- 
49 
59 
74 


(Logic Mode) 
B Address 
53 
- 
45 
63 
53 
- 
31 
- 
- 
53 
56 
76 


DA Inputs 
40 
36 
30 
52 
40 
55 
- 
- 
- 
37 
43 
62 


(Arith. Mode) 
DB Inputs 
38 
35 
28 
50 
38 
52 
- 
- 
- 
38 
41 
61 


DA InpuIs 
40 
- 
29 
52 
40 
- 
- 
- 
- 
38 
43 
62 


(Logic Mode) 
DB Inputs 
34 
- 
20 
46 
35 
- 
- 
- 
- 
34 
38 
57 


EA 
39 
32 
26 
51 
39 
52 
- 
- 
- 
36 
42 
61 


Cn 
I 
25 
18 
- 
37 
25 
35 
- 
- 
- 
22 
28 
41 


10 
33 
29 
22 
43 
33 
38 
- 
33 
* 
33* 
36 * 
59* 


14321 
46 
42 
44 
57 
44 
52 
- 
33 
* 
42* 
47* 
68* 


18765 
28 
- 
- 
40 
- 
- 
- 
32 
36* 
27* 
28* 
27* 


IEN 
- 
- 
- 
- 
- 
- 
- 
12 
- 
- 
- 
- 


51°3.51°0 
15 
- 
- 
- 
- 
- 
- 
- 
- 
- 
17 
20 


Clock 
55 
53 
44 
67 
57 
67 
23 
- 
25 
53 
60 
66 


Y 
- 
- 
- 
12 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
28 
- 
28 
40 
28 
28 
- 
- 
- 
28 
30 
28 


Note: 
A" *" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay 


to correct data on an enabled output. A * shown without a number means the output is disabled 
by the input or it is enabled 
but the delay to 


correct data is determined 
by something 
else. 


UUGI 
GI n.:~u ,",umQlnatiOnal uelays 


TA = O·C to 
+70·C, 
Vcc 
= 4.75V 
to 5.25V 
Standard 
Functions 


~ 


0100 
51°0 
- - 
--- 


From 
Input 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A Address 
86 
81 
69 
110 
86 
108 
- 
- 
- 
84 
94 
115 


(Arith. Mode) 
B Address 
99 
88 
81 
123 
9a 
112 
49 
- 
- 
94 
104 
140 


A Address 
87 
- 
68 
111 
89 
- 
- 
- 
- 
79 
94 
115 


(Logic Mode) 
B Address 
84 
- 
73 
108 
84 
- 
49 
- 
- 
84 
90 
120 


DA Inputs 
63 
60 
49 
87 
64 
89 
- 
- 
- 
60 
70 
101 


(Arith. Mode) 
DB Inputs 
61 
59 
47 
85 
62 
84 
- 
- 
- 
62 
68 
98 


DA Inputs 
64 
- 
48 
88 
66 
- 
- 
- 
- 
61 
72 
101 


(Logic Mode) 
DB Inputs 
55 
- 
32 
79 
57 
- 
- 
- 
- 
52 
61 
93 


EA 
59 
53 
42 
83 
59 
83 
- 
- 
- 
57 
64 
98 


Cn 
I 
40 
30 
- 
64 
40 
58 
- 
- 
- 
38 
46 
67 


10 
52 
48 
36 
76 
52 
63 
- 
49 
* 
50* 
58* 
93* 


14321 
71 
65 
72 
95 
69 
84 
- 
49 
* 
66* 
73* 
105* 


18765 
42 
- 
- 
66 
- 
- 
- 
50 
60* 
42* 
45* 
42* 


IEN 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


S103• SIOo 
26 
- 
- 
50 
- 
- 
- 
- 
- 
- 
29 
36 


Clock 
87 
87 
71 
111 
88 
108 
37 
- 
40 
84 
92 
105 


Y 
- 
- 
- 
24 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
44 
- 
44 
68 
44 
44 
- 
- 
- 
44 
46 
44 


Note: 
A" *" 
means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay 


to correct data on an enabled output. A * shown without a number means the output is disabled 
by the input or it is enabled but the delay tc 


correct data is determined 
by something 
else. 


TABLE III B 
Guaranteed 
Set-up and Hold Times 
TA = DOCto +7DoC, Vcc 
= 4.75V to 5.25V 
All Functions 


CAUTION: 
READ NOTES TO TABLE B. NA = Not Applicable; 
no timing 
constraint. 


~ 


HIGH-to-LOW 
LOW-to-HIGH 


With Respect 
, 


From Input 
to this Signal 
Set-up 
Hold 
Set-up 
Hold 
Comment 


Y 
Clock 
. 
NA 
NA 
20 
3 
·Tostore Y in RAMor 0 


WE HIGH 
Clock 
25 
Note 2 
Note 2 
0 
To PreventWriting 


WE LOW 
Clock 
NA 
NA 
30 
0 
To Write into RAM 


A, B as Sources 
Clock 
27 
3 
NA 
NA 
See Note 3 


B as a Destination 
ClocKand WE both LOW 
6 
Note 4 
Note 4 
3 
To Write Data only into 
the Correct B Address 


01°0,01°3 
Clock 
NA 
NA 
21 
3 
To Shift 0 


IS765 
Clock 
24 
Note 5 
Note 5 
0 


IEN HIGH 
Clock 
30 
Note 2 
Note 2 
0 
To PreventWritinginto 0 


IEN LOW 
Clock 
NA 
NA 
30 
0 
To Write into 0 


143210 
Clock 
24 
- 
68 
0 
See Note 6 


Notes: 
1. For set-up times from all inputs not specified in Table B, the 
set-up time is computed by calculating the delay to stable Y 
outputs and then allowing the Y set-up time. Even ifthe RAM is 
not being loaded, the Y set-up time is necessary to set-up the 
Q register. All unspecified hold times are less than or equal to 
zero relative to the clock LOW-to-HIGH edge. 


2. WE controls writing into the RAM. IEN controls writing into Q 
and, indirect~ontrols 
WE through the write output. To pre- 
vent writing, IEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and IEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


TABLE III C 
Guaranteed 
Enable/Disable 
Times 
TA = DOCto +7DoC, VCC = 4.75V to 5.25V 
All Functions 


From 
To 
Enable 
Disable 


OEY 
Yi 
27 
25 
ns 


OEB 
OBi 
31 
25 
ns 


Is 
SIOo, SI03 
25 
ns 


IS765 
01°0,01°3 
60 
ns 


143210 
01°0,01°3 
65 
60 
ns 


LSS 
WRITE 
31 
25 
ns 


Note: 
1. CL = 5.0pFfor outputdisabletests.Measurementis madeto a 0.5V 


changeon the output. 


3. A and B addresses must be set-up prior to clock LOW transi- 


tion to capture data in latches at RAM output. 


4. Writing occurs when CP and WE are both LOW. The B ad- 


dress should be stable during this entire period. 


5. Because IS765 control the writing or not writing of data into 


RAM and Q, they should be stable during the entire clock LOW 
time unless IEN is HIGH, preventing writing. 


6. The set-up time prior to the clock LOW-to-HIGH 
transition 
occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 143210, relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L ~ 
H, and (2) the sum of the set-up time prior to clock 


H ~ 
L and the clock LOW time. 


TABLE III D 
Guaranteed 
Clock and Write Pulse Characteristics 


TA = DOCto +7DoC, VCC = 4.75V to 5.25V 


All Functions 


MinimumClock LOWTime 
30 
ns 


MinimumClock HIGHTime 
30 
ns 


MinimumTime CP and WE 
30 
both LOWto Write 
ns 


TABLE III E-O 
Guaranteed 
Combinational 
Delays 
TA = O°Cto +70°C. VCC = 4.75V to 5.25V 
Unsigned 
Multiply 
Instruction 
(18765 = 0H. 14321 = 0H. 10 = 0) 


~ 


Slice 
01'00 
51°0 
From Input 
Position 
y 
Cn+4 
G.p 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Ad<;lress 
MSS 
102 
88 
- 
- 
99 
112 
49 
- 
- 
94 
- 
- 


(Arith. Mode) 
IS, LSS 
99 
88 
81 
- 
- 
- 
49 
- 
- 
94 
- 
- 


MSS 
65 
60 
- 
- 
64 
89 
- 
- 
- 
62 
- 
- 


DA, DB Inputs 
IS, LSS 
63 
60 
49 
- 
- 
- 
62 
- 
- 
- 
- 
- 


MSS 
73 
53 
- 
- 
59 
83 
- 
- 
- 
57 
- 
- 


EA 


IS, LSS 
59 
53 
42 
- 
- 
- 
- 
- 
- 
57 
- 
- 


MSS 
45 
30 
- 
- 
40 
58 
- 
- 
- 
38 
- 
- 
Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
38 
- 
- 


MSS 
94 
95 
- 
- 
87 
102 
- 
- 
* 
70* 
* 
- 


10 
IS 
94 
95 
80 
- 
- 
- 
- 
- 
* 
70* 
* 
- 


LSS 
94 
95 
80 
42 
- 
- 
- 
49 
* 
70* 
* 
- 


MSS 
102 
96 
- 
- 
92 
110 
- 
- 
* 
72* 
* 
- 


14321 
IS 
102 
96 
81 
- 
- 
- 
- 
- 
* 
72* 
* 
- 


LSS 
102 
96 
81 
43 
- 
- 
- 
49 
* 
72* 
* 
- 


MSS 
102 
90 
- 
- 
n 
84 
- 
- 
* 
72* 
* 
- 


18765 
IS 
102 
90 
84 
- 
- 
- 
- 
- 
* 
72* 
* 
- 


LSS 
102 
90 
84 
46 
- 
- 
- 
50 
* 
72* 
* 
- 


MSS 
91 
87 
- 
- 
88 
108 
37 
- 
40 
84 
- 
- 


Clock 


IS, LSS 
87 
87 
71 
53 
- 
- 
37 
- 
40 
84 
- 
- 


MSS 
74 
62 
- 
- 
70 
78 
- 
- 
- 
71 
- 
- 


Z 


IS 
74 
62 
48 
- 
- 
- 
- 
- 
- 
71 
- 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


SI03, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn if Z = 0 
S + R + Cn if Z = 1 


Y3 = CnH 
(MSS) 
Z = 00 (LSS) 


Notes: 
1. A" *" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 


2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TA = 0° to 
+70°C, 
VCC = 4.75 
to 5.25V 
Two's 
Complement 
MUltiply 
Instruction 


(18765 = 2H' 
14321 = 0H' 
10 = 0) 


~ 


Slice 
01°0 
51°0 


From 
Input 
Position 
y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Address 
MSS 
106 
88 
- 
- 
99 
112 
49 
- 
- 
94 
- 
- 


(Arith. Mode) 
IS, LSS 
99 
88 
81 
- 
- 
- 
49 
- 
- 
94 
- 
- 


MSS 
78 
60 
- 
- 
64 
89 
- 
- 
- 
62 
- 
- 


DA, DB Inputs 


IS, LSS 
63 
60 
49 
- 
62 
- 
- 
- 
- 
- 
- 
- 


EA 


MSS 
·85 
53 
- 
- 
59 
83 
- 
- 
- 
57 
- 
- 


IS, LSS 
59 
53 
42 
- 
- 
- 
- 
- 
- 
57 
- 
- 


MSS 
58 
30 
- 
- 
40 
58 
- 
- 
- 
38 
- 
- 
Cn 
IS, LSS 
40 
30 
- 
38 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
104 
95 
- 
- 
89 
102 
- 
- 
* 
68* 
* 
- 


10 
IS 
104 
95 
78 
- 
- 
- 
- 
- 
* 
68* 
* 
- 


LSS 
104 
95 
78 
42 
- 
- 
- 
49 
* 
68* 
* 
- 


MSS 
112 
95 
- 
- 
94 
108 
- 
- 
* 
71* 
* 
- 


14321 
IS 
112 
95 
78 
- 
- 
- 
- 
- 
* 
71* 
* 
- 


LSS 
112 
95 
78 
43 
- 
- 
- 
49 
* 
71* 
* 
- 


MSS 
98 
84 
- 
- 
76 
100 
- 
- 
* 
71* 
* 
- 


18765 
IS 
98 
84 
82 
- 
- 
- 
- 
- 
* 
71* 
* 
- 


LSS 
98 
84 
82 
46 
- 
- 
- 
50 
* 
7h 
* 
- 


MSS 
100 
87 
- 
- 
88 
108 
37 
- 
40 
84 
- 
- 
Clock 
IS, LSS 
87 
87 
71 
53 
- 
- 
37 
-- 
40 
84 
- 
- 


MSS 
90 
62 
- 
- 
69 
78 
- 
- 
- 
71 
- 
- 
Z 


IS 
90 
62 
48 
- 
- 
- 
- 
- 
- 
71 
- 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


SI03, 
SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn if Z = 0 
R + S + Cn if Z = 1 
Y3 = F3 (±) OVR (MSS) 
Z = 00 (LSS) 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 
2. A" - ,; means the delay path does not exist. 


3. Data in bold face is different from Table A; other data is the same. 


TABLE 
III E·4 


Guaranteed 
Combinational 
Delays 


TA = O·C to 
+70·C, 
Vcc 
= 4.75V 
to 5.25V 
Increment 
by 
One 
or Two 
Instruction 
(18765= 4H, 14321 = 0H' 10 = 0) 


~ 


Slice 
01°0 
51°0 


From 
Inpu 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Address 
MSS 
99 
88 
- 
123 
99 
112 
49 
- 
- 
- 
- 
140 


(Arith. Mod 
IS, LSS 
99 
88 
81 
123 
- 
- 
49 
- 
- 
- 
- 
140 


MSS 
63 
60 
- 
87 
64 
89 
- 
- 
- 
- 
- 
101 
DA, DB Inputs 
IS, LSS 
63 
60 
49 
87 
101 
- 
- 
- 
- 
- 
- 
- 


EA 


MSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


IS, LSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
40 
30 
- 
64 
40 
58 
- 
- 
- 
- 
- 
67 
Cn 
IS, LSS 
40 
30 
- 
64 
40 
58 
- 
- 
- 
- 
- 
67 


MSS 
66 
60 
- 
90 
71 
82 
- 
- 
* 
* 
* 
103' 


10 
IS 
66 
60 
58 
90 
- 
- 
- 
- 
* 
* 
* 
103' 


I 
LSS 
66 
60 
58 
90 
- 
- 
- 
49 
* 
* 
* 
103' 


MSS 
71 
60 
- 
95 
72 
80 
- 
- 
* 
* 
* 
102' 


14321 
IS 
71 
60 
58 
95 
- 
- 
- 
- 
* 
* 
* 
102' 


LSS 
71 
60 
58 
95 
- 
- 
- 
49 
* 
* 
* 
102' 


MSS 
71 
60 
- 
95 
72 
82 
- 
- 
* 
* 
* 
102' 


18765 
IS 
71 
60 
58 
95 
- 
- 
- 
- 
* 
* 
* 
102' 


LSS 
71 
60 
58 
95 
- 
- 
- 
50 
* 
* 
* 
102' 


MSS 
87 
87 
71 
111 
88 
108 
37 
- 
40 
- 
- 
105 
Clock 


IS, LSS 
87 
87 
71 
111 
88 
108 
37 
- 
40 
- 
- 
105 


MSS 
Z is an output 
Z 


IS, LSS 
Z is an output 


y 
Any 
- 
- 
- 
24 
- 
- 
- 
- 
- 
- 
- 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


S103,SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Notes: 
1. A "*" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 
2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different from Table A; other data is the same. 


TABLE 
III E-5 


Guaranteed 
Combinational 
Delays 


TA = O°C to +70°C. 
VCC = 4.75V 
to 
5.25V 


Sign 
MagnitudelTwo's 
Complement 
Conversion 


(18765= 5H. 14321 = 0H. 10 = 0) 


~ 


Slice 
'01°0 
51°0 
From 
Input 
Position 
Y 
Cn+4 
G.p 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Address 
MSS 
138 
88 
- 
70 
138 
112 
49 
- 
- 
- 
- 
140 


(Arith. Mode) 
IS, LSS 
99 
88 
81 
- 
- 
- 
49 
- 
- 
- 
- 
140 


MSS 
98 
60 
- 
40 
98 
89 
- 
- 
- 
- 
- 
101 
DA, DB Inputs 


IS, LSS 
63 
60 
49 
- 
- 
- 
- 
- 
- 
- 
- 
101 


- 
MSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
EA 
IS, LSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
79 
30 
- 
- 
79 
58 
- 
- 
- 
- 
- 
67 
Cn 
IS, LSS 
40 
30 
- 
- 
- 
67 
- 
- 
- 
- 
- 
- 


MSS 
102 
78 
- 
46 
100 
112 
- 
- 
* 
* 
* 
131' 


10 
IS 
102 
78 
70 
- 
- 
- 
- 
- 
* 
* 
* 
131' 


LSS 
102 
78 
70 
- 
- 
- 
- 
49 
* 
* 
* 
131' 


MSS 
102 
78 
- 
46 
100 
103 
- 
- 
* 
* 
* 
131' 


14321 
IS 
102 
78 
72 
- 
- 
- 
- 
- 
* 
* 
* 
131' 


LSS 
102 
78 
72 
- 
- 
- 
- 
49 
* 
* 
* 
131' 


MSS 
100 
78 
- 
46 
97 
105 
- 
- 
* 
* 
* 
138' 


18765 
IS 
100 
78 
65 
- 
- 
- 
- 
- 
* 
* 
* 
138' 


LSS 
100 
78 
65 
- 
- 
- 
- 
50 
* 
* 
* 
138' 


MSS 
118 
87 
71 
58 
118 
108 
37 
- 
- 
- 
- 
105 


Clock 


IS, LSS 
87 
87 
71 
- 
- 
- 
37 
- 
- 
- 
- 
105 


MSS 
Z is an output 


Z 


IS, LSS 
72 
60 
48 
- 
- 
- 
- 
- 
- 
- 
- 
114 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn if Z = 0 


S + Cn if Z = 1 


Y3 = S3 EEl F3 (MSS) 
Z = S3 (MSS) 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 


delay to correct data is determined 
by something 
else. 


2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TABLE 
III E·6 


Guaranteed 
Combinational 
Delays 


TA = O°C to 
+70°C, 
VCC = 4.75V 
to 
5.25V 
Two's 
Complement 
Multiply, 
Last 
Cycle 


(18765 = 6H• 14321 = 0H' 
10 = 0) 


~ 


Slice 
01°0 
51°0 
From 
Input 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Address 
MSS 
120 
88 
- 
- 
99 
112 
49 
- 
- 
94 
- 
- 


(Arith. Mode) 
IS, LSS 
99 
88 
81 
- 
- 
- 
49 
- 
- 
94 
- 
- 


MSS 
85 
60 
- 
- 
64 
89 
- 
- 
- 
62 
- 
- 
DA, DB Inputs 


IS, LSS 
63 
60 
49 
- 
- 
- 
- 
- 
- 
62 
- 
- 


EA 


MSS 
93 
53 
- 
- 
59 
83 
- 
- 
- 
57 
- 
- 


IS, LSS 
59 
53 
42 
- 
- 
- 
- 
- 
- 
57 
- 
- 


MSS 
64 
30 
- 
- 
40 
58 
- 
- 
- 
38 
- 
- 
Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
38 
- 
- 


MSS 
112 
99 
- 
- 
91 
120 
- 
- 
* 
98* 
* 
- 


10 
IS 
112 
99 
86 
- 
- 
- 
- 
- 
* 
98* 
* 
- 


LSS 
112 
99 
86 
42 
- 
- 
- 
49 
* 
98* 
* 
- 


MSS 
115 
93 
- 
- 
94 
124 
- 
- 
* 
97* 
* 
- 


14321 
IS 
115 
93 
85 
- 
- 
- 
- 
- 
* 
97* 
* 
- 


LSS 
115 
93 
85 
43 
- 
- 
- 
49 
* 
97* 
* 
- 


MSS 
105 
93 
- 
- 
88 
114 
- 
- 
* 
96* 
* 
- 


IS765 
IS 
105 
93 
78 
- 
- 
- 
- 
- 
* 
96* 
* 
- 


LSS 
105 
93 
78 
50 
- 
- 
- 
50 
* 
96* 
* 
- 


MSS 
110 
87 
- 
- 
88 
108 
37 
- 
40 
84 
- 
- 
Clock 
IS, LSS 
87 
87 
71 
53 
- 
- 
37 
- 
40 
84 
- 
- 


MSS 
91 
64 
- 
- 
74 
98 
- 
- 
- 
70 
- 
- 


Z 


70 
IS 
91 
64 
50 
- 
- 
- 
- 
- 
- 
- 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


SI03, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn if Z = 0 
S - 
R - 
1 + Cn if Z = 1 


Y3 = OVR EB F3 (MSS) 
Z = 00 (LSS) 


Notes: 
1. A" *" 
means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 
2. A" -" 
means the delay path does not exist. 


3. Data in botd face is different 
from Table A; other data is the same. 


_ 
•••511I511II•."''''U 
vUlllUlildUUllClI 
u~lay~ 
TA = O·C to +70·C. VCC = 4.75V to 5.25V 
Single-Length 
Normalize 
Instruction 


(18765 = 8H. 14321 = 0H. 10 = 0) 


~t 
Slice 
01°0 
51°0 
From Inpu 
Position 
Y 
Cn+4 
G,1i 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
5103 
Parity 


A, ~ Address 
MSS 
99 
88 
- 
- 
99 
112 
49 
- 
- 
- 
- 
- 


(Arith. Mode) 
IS, LSS 
99 
88 
81 
- 
- 
- 
49 
- 
- 
- 
- 
- 


MSS 
63 
60 
- 
- 
64 
89 
- 
- 
- 
- 
- 
- 


DA, DB Inputs 
IS, LSS 
63 
60 
'49 
- 
- 
- 
- 
- 
- 
- 
- 
- 


EA 


MSS 
59 
53 
- 
- 
59 
83 
- 
- 
- 
- 
- 
- 


IS, LSS 
59 
53 
42 
- 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
40 
30 
- 
- 
40 
58 
- 
- 
- 
- 
- 
- 


Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
67 
52 
- 
33 
45 
42 
- 
- 
* 
* 
72* 
- 


10 
IS 
67 
52 
58 
33 
- 
- 
- 
- 
* 
* 
72* 
- 


LSS 
67 
52 
58 
33 
- 
- 
- 
49 
* 
* 
72* 
- 


MSS 
68 
58 
- 
34 
45 
47 
- 
- 
* 
* 
72 * 
- 


1432 
IS 
68 
58 
58 
36 
- 
- 
- 
- 
* 
* 
72* 
- 


LSS 
68 
58 
58 
36 
- 
- 
- 
49 
* 
* 
72* 
- 
"- 


MSS 
66 
70 
- 
44 
50 
47 
- 
- 
* 
* 
72* 
- 


18765 
IS 
66 
70 
41 
44 
- 
- 
- 
- 
* 
* 
72* 
- 


LSS 
66 
70 
41 
44 
- 
- 
- 
50 
* 
* 
72* 
- 


MSS 
87 
49 
- 
46 
49 
47 
37 
- 
40 
- 
92 
- 


Clock 


IS, LSS 
87 
87 
71 
48 
- 
- 
37 
- 
40 
- 
92 
- 


MSS 
Z is an output 


Z 


IS, LSS 
Z is an output 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


S103, SloO 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn 
Cn+4 = 03 
EEl 02 (MSS) 
OVR = 02 
EEl 01 (MSS) 
N = 03 (MSS) 


Z = 00010203 


Notes: 
1. A "*" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 


dlliay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 


2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TABLE 
III E-A 
Guaranteed 
Combinational 
Delays 


TA = O·C to 
+70·C, 
VCC = 4.75V 
to 
5.25V 


First 
Divide 
Operation 
(Double 
Length 
Normalize) 


(18765 = AH' 
14321 = 0H' 
10 = 0) 


~ 


Slice 
01°0 
5100 


From 
Input 
Position 
y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B fddress 
MSS 
99 
113 
- 
94 
94 
102 
49 
- 
- 
- 
120 
- 


(Aritt]. Mode) 
IS, LSS 
99 
88 
81 
- 
- 
- 
49 
- 
- 
- 
104 
- 


MSS 
63 
75 
- 
54 
54 
62 
- 
- 
- 
- 
80 
- 


DA, DB Inputs 


IS, LSS 
63 
60 
49 
70 
- 
- 
- 
- 
- 
- 
- 
- 


EA 


MSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
76 
- 


is, LSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
64 
- 


MSS 
40 
54 
- 
45 
45 
50 
- 
- 
- 
- 
68 
- 
Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
- 
46 
- 


MSS 
69 
95 
-- 
68 
72 
86 
- 
- 
* 
* 
96* 
- 


10 
IS 
69 
95 
56 
68 
- 
- 
- 
- 
* 
* 
96* 
- 


LSS 
69 
95 
56 
68 
- 
- 
- 
49 
* 
* 
96* 
- 


MSS 
69 
94 
- 
68 
72 
86 
- 
- 
* 
* 
96* 
- 


14321 
IS 
69 
94 
57 
68 
- 
- 
- 
- 
* 
* 
96* 
- 


LSS 
69 
94 
57 
68 
- 
- 
- 
49 
* 
* 
96* 
- 


MSS 
69 
95 
- 
68 
72 
86 
- 
- 
* 
* 
96 * 
- 


18765 
IS 
69 
95 
57 
68 
- 
- 
- 
- 
* 
* 
96* 
- 


LSS 
69 
95 
57 
68 
- 
- 
- 
50 
* 
* 
96 * 
- 


MSS 
87 
101 
- 
80 
84 
89 
37 
- 
40 
- 
106 
- 
Clock 


IS, LSS 
87 
87 
71 
80 
- 
- 
37 
- 
40 
- 
92 
- 


MSS 
Z is an output 
Z 


IS 
Z is an output 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn 
N = F3 (MSS) 
SI03 = F3 <;V R3 (MSS) 


Cn+4 
= F3 <;V F2 (MSS) 
OVR = F2 <;V F1 (MSS) 


Z = QOQ1Q2Q3FoF,F2F3 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 


deiay to correct data on an enabled output. A * shown without a number means the output is disabled by the Input or it is enabled but the 
delay to correct data is determined 
by something 
else. 


2_ A "-" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A, other data Is the same. 


TABLE 
III E-C 


Guaranteed 
Combinational 
Delays 


TA = O°C to 
+70°C, 
VCC = 4.75V 
to 
5.25V 
Two's 
Complement 
Divide 
Operation 


(18765 = CH, 14321 = 0H, '0 = 0) 


~ 


Slice 
01°0 
51°0 
From 
Input 
Position 
y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Add/ess 
MSS 
99 
88 
- 
- 
99 
112 
49 
- 
- 
- 
107 
- 


(Arith, Mode) 
IS, LSS 
99 
88 
81 
- 
- 
- 
49 
- 
- 
- 
104 
- 


MSS 
63 
60 
- 
- 
64 
89 
- 
- 
- 
- 
84 
- 


DA, DB Inputs 
IS, LSS 
63 
60 
49 
- 
- 
- 
- 
- 
- 
- 
70 
- 


EA 
MSS 
59 
53 
- 
- 
59 
83 
- 
- 
- 
- 
91 
- 


IS, LSS 
59 
53 
42 
- 
- 
- 
- 
- 
- 
- 
64 
- 


MSS 
40 
30 
- 
- 
40 
58 
- 
- 
- 
- 
64 
- 


Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
46 
- 
- 
- 


MSS 
94 
93 
- 
39 
94 
120 
- 
- 
* 
* 
108' 
- 


10 
IS 
94 
93 
74 
- 
- 
- 
- 
- 
* 
* 
108' 
- 


LSS 
94 
93 
74 
- 
- 
- 
- 
49 
* 
* 
108' 
- 


MSS 
94 
84 
- 
42 
93 
120 
- 
- 
* 
* 
108' 
- 


14321 


I 


IS 
94 
84 
74 
- 
- 
- 
- 
- 
* 
* 
108' 
- 


LSS 
94 
84 
74 
- 
- 
- 
- 
49 
* 
* 
108' 
- 


MSS 
93 
89 
- 
43 
93 
120 
- 
* 
* 
108' 
- 


IS765 
IS 
93 
89 
64 
- 
- 
- 
- 
- 
* 
* 
108' 
- 


LSS 
93 
89 
64 
- 
- 
- 
- 
50 
* 
* 
108' 
- 


MSS 
87 
87 
- 
53 
88 
108 
37 
- 
40 
- 
130 
- 


Clock 


I 
IS, LSS 
87 
87 
71 
- 
- 
- 
37 
- 
40 
- 
92 
- 


I 


MSS 
Z is an output 


Z 


IS, LSS 
68 
65 
52 
- 
- 
- 
- 
- 
- 
- 
77 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = R + S + Cn if Z = 0 
S - 
R - 
1 + Cn if Z = 1 


SI03 = F3 EEl R3 (MSS) 
Z = F3 EEl R3 (MSS) from previous 
cycle 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 


delay to correct data is determined 
by something 
else. 


2. A "-" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TABLE 
III E-E 


Guaranteed 
Combinational 
Delays 


TA = O°C to 
+70°C. 
VCC = 4.75V 
to 
5.25V 


Two's 
Complement 
Divide. 
Correction 
(18765= EH• 14321= 0H. 10= 0) 


~t 
Slice 
01°0 
51°0 


From 
Input 
Position 
Y 
Cn+4 
a.p 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Address 
MSS 
99 
88 
- 
- 
99 
112 
49 
- 
- 
- 
104 
- 


(Arith. Mode) 
IS, LSS 
99 
88 
81 
- 
- 
- 
49 
- 
- 
- 
104 
- 


MSS 
63 
60 
- 
- 
64 
89 
- 
- 
- 
- 
70 
- 
DA, DB InpuIs 
IS, LSS 
63 
60 
49 
- 
- 
- 
- 
- 
- 
- 
70 
- 


EA 


MSS 
59 
53 
- 
- 
59 
83 
- 
- 
- 
- 
64 
- 


IS, LSS 
59 
53 
42 
- 
- 
- 
- 
- 
- 
- 
64 
- 


MSS 
40 
30 
- 
- 
40 
58 
- 
- 
- 
- 
46 
- 


Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
- 
46 
- 


MSS 
95 
91 
- 
42 
94 
120 
- 
- 
* 
* 
98· 
- 


10 
IS 
95 
91 
72 
- 
- 
- 
- 
- 
* 
* 
98· 
- 


LSS 
95 
91 
72 
- 
- 
- 
- 
49 
* 
* 
98· 
- 


MSS 
96 
91 
- 
42 
94 
118 
- 
- 
* 
* 
98· 
- 


14321 
IS 
96 
91 
78 
- 
- 
- 
- 
- 
* 
* 
98· 
- 


LSS 
96 
91 
78 
- 
- 
- 
- 
49 
* 
* 
98· 
- 


MSS 
85 
78 
- 
43 
74 
89 
- 
- 
* 
* 
88· 
- 


IS765 
IS 
85 
78 
62 
- 
- 
- 
- 
- 
* 
* 
88· 
- 


LSS 
85 
78 
62 
- 
- 
- 
- 
50 
* 
* 
88· 
- 


MSS 
87 
87 
- 
53 
88 
108 
37 
- 
40 
- 
92 
- 
Clock 


IS, LSS 
87 
87 
71 
- 
- 
- 
37 
- 
40 
- 
92 
- 


MSS 
Z is an output 


Z 


IS, LSS 
73 
66 
54 
- 
- 
- 
- 
- 
- 
- 
79 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
22 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


fJ 


F = R + S + Cn if Z = 0 
S - 
R - 
1 + Cn if Z = 1 
Z = F3 (f) R3 (MSS) from previous cycle 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a' * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 


delay to correct data is determined 
by something 
else. 
2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


Guaranteed 
Combinational 
Delays 
Tc = _55° 
to 
+125°C, 
VCC = 4.5V 
to 
5.5V 
Standard 
Functions 


~ 


01°0 
SIOo 


From 
Input 
Y 
Cn+4 
a,l> 
z (s) 
N 
OVR 
DB 
WRITE 
01°3 
SIOO 
SI03 
Parity 


A Address 
91 
85 
72 
116 
92 
115 
- 
- 
- 
89 
98 
120 


(Arith. Mode) 
B Address 
101 
93 
84 
126 
102 
118 
52 
- 
- 
97 
106 
148 


A Address 
92 
- 
72 
117 
93 
- 
- 
- 
- 
84 
98 
120 
(Logic Mode) 
B Address 
86 
- 
73 
111 
89 
- 
52 
- 
- 
86 
92 
125 


DA Inputs 
64 
62 
51 
89 
66 
94 
- 
- 
- 
62 
71 
107 
(Arith. Mode) 
DB Inputs 
63 
60 
48 
88 
63 
89 
- 
- 
- 
64 
68 
100 


DA Inputs 
65 
- 
51 
90 
67 
- 
- 
- 
- 
62 
72 
108 


(Logic Mode) 
DB Inputs 
56 
- 
32 
81 
57 
- 
- 
- 
- 
52 
63 
100 


EA 
60 
56 
43 
85 
60 
87 
- 
- 
- 
58 
64 
103 


Cn 
I 
40 
30 
- 
65 
40 
59 
- 
- 
- 
38 
46 
69 


10 
1 
52 
50 
36 
77 
52 
66 
- 
53 
. 
51· 
58· 
96· 


14321 
72 
69 
73 
97 
71 
88 
- 
53 
. 
66· 
75· 
111. 


IS765 
44 
- 
- 
69 
- 
- 
- 
50 
65· 
42· 
45. 
42. 


IEN 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


51°3.51°0 
26 
- 
- 
51 
- 
- 
- 
- 
- 
- 
29 
36 


Clock 
89 
90 
74 
114 
89 
116 
39 
- 
42 
91 
96 
110 


Y 
I 
- 
- 
- 
25 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
45 
- 
44 
70 
44 
44 
- 
- 
- 
44 
46 
44 


Note: 
A"." 
means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the delay 
to correct data on an enabled output. A * shown without a number means the output is disabled 
by the input or it is enabled 
but the delay to 


correct data is determined 
by something 
else. 


TC = _55°C to +125°C, VCC = 4.5V to 5.5V 
All Functions 


CAUTION: 
READ NOTES TO TABLE B. NA = Not Applicable; 
no timing 
constraint. 


I 


HIGH-to-LOW 
LOW-to-HIGH 


With Respect 
, 


Input 
to this Signal 
Set-up 
Hold 
Set-up 
Hold 
Comment 


Y 
Clock 
NA 
NA 
23 
3 
To store Y in RAMor a 


WE HIGH 
Clock 
25 
Note 2 
Note 2 
0 
To PreventWriting 


WE LOW 
Clock 
NA 
NA 
35 
0 
To Write into RAM 


A, B as Sources 
Clock 
38 
3 
NA 
NA 
See Note 3 


B as a Destination 
Clock and WE both LOW 
6 
Note 4 
Note 4 
3 
To Write Data only into 
the Correct B Address 


0100, 0103 
Clock 
NA 
NA 
23 
3 
To Shifta 


IS765 
Clock 
24 
Note 5 
Note 5 
0 


IEN HIGH 
Clock 
30 
Note 2 
Note 2 
0 
To PreventWritinginto a 


IEN LOW 
Clock 
NA 
NA 
30 
0 
To Write into a 


143210 
Clock 
24 
- 
74 
0 
See Note 6 


Notes: 
1. For set-up times from all inputs not specified in Table IV B, 


the set-up time is computed by calculating the delay to stable 
Y outputs and then allowing the Y set-up time. Even if the 
RAM is not being loaded, the Y set-up time is necessary to 
set-up the Q register. All unspecified hold times are less than 
or equal to zero relative to the clock LOW-to-HIGH edge. 


2. WE controls writing into the RAM. IEN controls writing into Q 


and, indirectly, controls WE through the write output. To pre- 
vent writing, IEN and WE must be HIGH during the entire clock 
LOW time. They may go LOW after the clock has gone LOW to 
cause a write provided the WE LOW and IEN LOW set-up 
times are met. Having gone LOW, they should not be returned 
HIGH until after the clock has gone HIGH. 


TABLE IV C 


Guaranteed 
Enable/Disable 
Times 


Tc = _55°C to +125°C, VCC = 4.5V to 5.5V 


All Functions 


From 
To 
Enable 
Disable 


OEY 
Yi 
27 
25 
ns 


OEB 
DBi 
34 
25 
ns 


Is 
SIOo, SI03 
25 
ns 


IS765 
0100. 0103 
60 
ns 


143210 
0100, 0103 
70 
60 
ns 


LSS 
WRITE 
34 
25 
ns 


Note: 
1. CL = 5.OpFfor outputdisabletests.Measurementis madeto a 0.5V 
changeon the output. 


3. A and B addresses must be set-up prior to clock LOW transi- 


tion to capture data in latches at RAM output. 


4. Writing occurs when CP and WE are both LOW. The B ad- 


dress should be stable during this entire period. 


5. Because IS765 control the writing or not writing of data into 


RAM and Q, they should be stable during the entire clock LOW 
time unless IEN is HIGH, preventing writing. 


6. The set-up time prior to the clock LOW-to-HIGH 
transition 


occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up 
time requirement on 143210,relative to the clock LOW-to-HIGH 
transition, is the longer of (1) the set-up time prior to clock 
L ~ 
H, and (2) the sum of the set-up time prior to clock 


H ~ 
L and the clock LOW time. 


TABLE IV D 
Guaranteed 
Clock and Write Pulse Characteristics 


TC = _55°C to +125°C, VCC = 4.5V to 5.5V 


All Functions 


MinimumClock LOWTime 
40 
ns 


MinimumClock HIGHTime 
40 
ns 


MinimumTime CP and WE 
40 
both LOWto Write 
ns 


TABLE 
IV E-O 


Guaranteed 
Combinational 
Delays 


TC = _55°C 
to 
+125°C, 
VCC = 4.5V 
to 
5.5V 
Unsigned 
MUltiply 
Instruction 


(18765= 0H' 14321 =OH' 
10 = 0) 


~ 


Slice 
01°0 
SIOo 
From 
Input 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
SIOo 
SI03 
Parity 


A, B Address 
MSS 
103 
93 
- 
- 
102 
118 
52 
- 
- 
97 
- 
- 


(Arith. Mode) 
IS, LSS 
101 
93 
84 
- 
- 
- 
52 
- 
- 
97 
- 
- 


MSS 
66 
62 
- 
- 
66 
94 
- 
- 
- 
64 
- 
- 
DA, DB Inputs 


IS, LSS 
64 
62 
51 
- 
- 
- 
- 
- 
- 
64 
- 
- 


EA 


MSS 
74 
56 
- 
- 
60 
87 
- 
- 
- 
58 
- 
- 


IS, LSS 
60 
56 
43 
- 
- 
- 
- 
- 
- 
58 
- 
- 


MSS 
45 
30 
- 
- 
40 
59 
- 
- 
- 
38 
- 
- 
Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
38 
- 
- 


MSS 
97 
97 
- 
- 
87 
106 
- 
- 
* 
71* 
* 
- 


10 
IS 
97 
97 
85 
- 
- 
- 
- 
- 
* 
71* 
* 
- 


LSS 
97 
97 
85 
42 
- 
- 
- 
53 
* 
7h 
* 
- 


MSS 
103 
100 
- 
- 
94 
111 
- 
- 
* 
73* 
* 
- 


14321 
IS 
103 
100 
86 
- 
- 
- 
- 
- 
* 
73* 
* 
- 


LSS 
103 
100 
86 
43 
- 
- 
- 
53 
* 
73* 
* 
- 


MSS 
102 
93 
- 
- 
76 
89 
- 
- 
* 
75* 
* 
- 


18765 
IS 
102 
93 
92 
- 
- 
- 
- 
- 
* 
75* 
* 
- 


LSS 
102 
93 
92 
51 
- 
- 
- 
5.0 
* 
75 
* 
- 


MSS 
94 
90 
- 
- 
89 
116 
39 
- 
42 
91 
- 
- 
Clock 


IS, LSS 
89 
90 
74 
57 
- 
- 
39 
- 
42 
91 
- 
- 


MSS 
76 
65 
- 
- 
70 
81 
- 
- 
- 
72 
- 
- 


Z 


IS 
76 
65 
49 
- 
- 
- 
- 
- 
- 
72 
- 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn 
if Z = 0 


S + R + Cn if Z = 1 


Y3 = Cn+4 (MSS) 
Z = 00 (LSS) 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 


2. A "-" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TABLE 
IV E-2 


Guaranteed 
Combinational 
Delays 


TC = _55°C 
to 
+125°C, 
VCC = 4.5V 
to 
5.5V 
Two's 
Complement 
Multiply 
Instruction 


(18765 = 2H' 
14321 = 0H' 
.0 = 0) 


~ 


Slice 
QIOo 
51°0 


From 
Input 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
QI03 
51°0 
51°3 
Parity 


A, B Address 
MSS 
113 
93 
- 
- 
102 
118 
52 
- 
- 
97 
- 
- 


(Arith. Mode) 
IS, LSS 
101 
93 
84 
- 
- 
- 
52 
- 
- 
97 
- 
- 


MSS 
78 
62 
- 
- 
66 
94 
- 
- 
- 
64 
- 
- 


OA:OB 
Inputs 
IS, LSS 
64 
62 
51 
- 
- 
- 
- 
- 
- 
64 
- 
- 
- 
MSS 
85 
56 
- 
- 
60 
87 
- 
- 
- 
58 
- 
- 
EA 


IS, LSS 
60 
56 
43 
- 
- 
- 
- 
- 
- 
58 
- 
- 


MSS 
58 
30 
- 
- 
40 
59 
- 
- 
- 
38 
- 
- 
Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
38 
- 
- 


MSS 
105 
97 
- 
- 
89 
102 
- 
- 
* 
71* 
* 
- 


10 
IS 
105 
97 
81 
- 
- 
- 
- 
- 
* 
71 * 
* 
- 


LSS 
105 
97 
81 
42 
- 
- 
- 
53 
* 
71 * 
* 
- 


MSS 
112 
98 
- 
- 
94 
111 
- 
- 
* 
75* 
* 
- 


14321 
IS 
112 
98 
85 
- 
- 
- 
- 
~ 
* 
75* 
* 
- 


LSS 
112 
98 
85 
43 
- 
- 
- 
53 
* 
75* 
* 
- 


MSS 
99 
86 
- 
- 
78 
100 
- 
- 
* 
74* 
* 
- 


IS765 
IS 
99 
86 
84 
- 
- 
- 
- 
- 
* 
74* 
* 
- 


LSS 
99 
86 
84 
48 
- 
- 
- 
50 
* 
74* 
* 
- 


MSS 
107 
90 
- 
- 
89 
116 
39 
- 
42 
91 
- 
- 


Clock 


IS, LSS 
89 
90 
74 
57 
- 
- 
39 
- 
42 
91 
- 
- 


MSS 
90 
65 
- 
- 
70 
81 
- 
- 
- 
72 
- 
- 


Z 


IS 
90 
65 
48 
- 
- 
- 
- 
- 
- 
72 
- 
- 


tEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


SI03, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn if Z = 0 


S + R + Cn is Z = 1 


Y3 = F3 EEl OVR (MSS) 


Z = 00 (LSS) 


Notes: 
1. A" *" 
means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 
2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


"v 
-- 
_.- 
.• _- 
-, 
"L.L. 
- 
"_ 
••.•.•..•.•.• _ .• 


Increment by One or Two Instruction 


(18765 = 4H, 14321 = 0H' 10 = 0) 


~ 
Slice 
01°0 
51°0 
From Input 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Address 
MSS 
101 
93 
- 
126 
102 
118 
52 
- 
- 
- 
- 
148 


(Arith. Mode) 
IS, LSS 
101 
93 
84 
126 
- 
- 
52 
- 
- 
- 
- 
148 


MSS 
64 
62 
- 
89 
66 
94 
- 
- 
- 
- 
- 
107 
DA, DB Inputs 


IS, LSS 
64 
62 
51 
89 
107 
- 
- 
- 
- 
- 
- 
- 


EA 


MSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


I 
IS, LSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
40 
30 
- 
65 
40 
59 
- 
- 
- 
- 
- 
69 
Cn 
IS, LSS 
40 
30 
- 
65 
40 
59 
- 
- 
- 
- 
69 
- 


MSS 
73 
61 
- 
98 
72 
87 
- 
- 
* 
* 
* 
110* 


10 
IS 
73 
61 
62 
98 
- 
- 
- 
- 
* 
* 
* 
110* 


LSS 
73 
61 
62 
98 
- 
- 
- 
53 
* 
* 
* 
110* 


MSS 
72 
61 
- 
97 
74 
87 
- 
- 
* 
* 
* 
110* 


14321 
IS 
72 
61 
62 
97 
- 
- 
- 
- 
* 
* 
* 
110* 


LSS 
72 
61 
62 
97 
- 
- 
- 
53 
* 
* 
* 
110* 


MSS 
72 
61 
- 
97 
74 
87 
- 
- 
* 
* 
* 
110* 


18765 
IS 
72 
61 
62 
97 
- 
- 
- 
- 
* 
* 
* 
110* 


LSS 
72 
61 
62 
97 
- 
- 
- 
50 
* 
* 
* 
110* 


MSS 
89 
90 
74 
114 
89 
116 
39 
- 
42 
- 
- 
110 


Clock 
IS, LSS 
89 
90 
74 
114 
89 
116 
39 
- 
42 
- 
- 
110 


MSS 
Z IS an output 


Z 
IS, LSS 
Z is an output 


y 
Any 
- 
- 
- 
25 
- 
- 
- 
- 
- 
- 
- 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 


delay to correct data is determined 
by something 
else. 
2. A "-" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


\:iuaranteed 
Combinational 
Delays 
Tc = _55°C 
to +125°C, 
VCC = 4.5V to 5.5V 
Sign 
Magnitude/Two's 
Complement 
Conversion 


(18765 = 5H, 14321 = 0H' 10 = 0) 


~ 


Slice 
01°0 
SIOo 


From 
Input 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
SIOo 
SI03 
Parity 


A, B Address 
MSS 
143 
93 
- 
78 
143 
118 
52 
- 
- 
- 
- 
148 


(Arith. Mode) 
IS, LSS 
101 
93 
84 
- 
- 
- 
52 
- 
- 
- 
- 
148 


MSS 
103 
62 
- 
40 
103 
94 
- 
- 
- 
- 
- 
107 


DA, DB Inputs 
IS, LSS 
64 
62 
51 
107 
- 
- 
- 
- 
- 
- 
- 
- 
- 
MSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
EA 


IS, LSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
83 
30 
- 
- 
83 
59 
- 
- 
- 
- 
- 
69 
Cn 
IS, LSS 
40 
30 
- 
69 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
102 
80 
- 
50 
100 
115 
- 
- 
* 
* 
* 
132* 


10 
IS 
102 
80 
70 
- 
- 
- 
- 
- 
* 
* 
* 
132* 


LSS 
102 
80 
70 
- 
- 
- 
- 
53 
* 
* 
* 
13h 


MSS 
102 
80 
- 
50 
102 
110 
- 
- 
* 
* 
* 
132* 


14321 
IS 
102 
80 
75 
- 
- 
- 
- 
- 
* 
* 
* 
132* 


LSS 
102 
80 
75 
- 
- 
- 
- 
53 
* 
* 
* 
132* 


MSS 
103 
80 
- 
50 
100 
112 
- 
- 
* 
* 
* 
142* 


18765 
IS 
103 
80 
65 
- 
- 
- 
- 
- 
* 
* 
* 
142 * 


LSS 
103 
80 
65 
- 
- 
- 
- 
50 
* 
* 
* 
142* 


MSS 
120 
90 
- 
61 
120 
116 
39 
- 
- 
- 
- 
110 
Clock 


IS, LSS 
89 
90 
74 
- 
- 
- 
39 
- 
- 
- 
- 
110 


MSS 
Z is an output 


Z 


IS, LSS 
76 
61 
51 
- 
- 
- 
- 
- 
- 
- 
- 
118 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = ~ + Cn if Z = 0 


S + Cn if Z = 1 


Y3 ~ S3 EEl F3 (MSS) 
Z = S3 (MSS) 


Notes: 
1. A" *" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 
2. A "-" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TABLE 
IV E-6 


Guaranteed 
Combinational 
Delays 


TC = _55°C 
to 
+125°C, 
VCC = 4.5V 
to 5.5V 


Two's 
Complement 
Multiply, 
Last 
Cycle 
(18765 = 6H, 14321 = 0H' 10 = 0) 


~ 


Slice 
01°0 
51°0 


From 
Input 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Address 
MSS 
121 
93 
- 
- 
102 
118 
52 
- 
- 
97 
- 
- 


(Arith. Mode) 
IS, LSS 
101 
93 
84 
- 
- 
- 
52 
- 
- 
97 
- 
- 


MSS 
88 
62 
- 
- 
66 
94 
- 
- 
- 
64 
- 
- 


DA, DB Inputs 
IS, LSS 
64 
62 
51 
64 
- 
- 
- 
- 
- 
- 
- 
- 


EA 


MSS 
96 
56 
- 
- 
60 
87 
- 
- 
- 
58 
- 
- 


IS, LSS 
60 
56 
43 
- 
- 
- 
- 
- 
- 
58 
- 
- 


MSS 
64 
30 
- 
- 
40 
59 
- 
- 
- 
38 
- 
- 
Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
38 
- 
- 


MSS 
118 
102 
- 
- 
97 
126 
- 
- 
* 
10h 
* 
- 


10 
IS 
118 
102 
87 
- 
- 
- 
- 
- 
* 
102* 
* 
- 


LSS 
118 
102 
87 
42 
- 
- 
- 
53 
* 
102* 
* 
- 


MSS 
120 
101 
- 
- 
97 
127 
- 
- 
* 
10h 
* 
- 


14321 
IS 
120 
101 
86 
- 
- 
- 
- 
- 
* 
101 * 
* 
- 


LSS 
120 
101 
86 
43 
- 
- 
- 
53 
* 
10h 
* 
- 


MSS 
105 
98 
- 
- 
88 
115 
- 
- 
* 
102* 
* 
- 


18765 
IS 
105 
98 
86 
- 
- 
- 
- 
- 
* 
102* 
* 
- 


LSS 
105 
98 
86 
51 
- 
- 
- 
50 
* 
102* 
* 
- 


MSS 
110 
90 
- 
- 
89 
116 
39 
- 
42 
91 
- 
- 


Clock 


IS, LSS 
89 
90 
74 
58 
- 
- 
39 
- 
42 
91 
- 
- 


MSS 
92 
67 
- 
- 
80 
103 
- 
- 
- 
72 
- 
- 


Z 


IS 
92 
67 
53 
- 
- 
- 
- 
- 
- 
72 
- 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn if Z = 0 
S - 
R - 
1 + Cn is Z = 1 


Y3 = (OVR 
EE> F3) MSS 


Z = 00 
(LSS) 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 
delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 


delay to correct data is determined 
by something 
else. 
2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TABLE IV E-8 
Guaranteed 
Combinational 
Delays 
Tc = _55°C to +125°C, Vcc 
= 4.5V to 5.5V 
Single-Length 
Normalize 
Instruction 


(18765 = 8H' 14321 = 0H, 10 = 0) 


~ 


Slice 
01°0 
51°0 
From Input 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B Address 
MSS 
101 
93 
- 
- 
102 
118 
52 
- 
- 
- 
- 
- 


(Arith. Mode) 
IS,lSS 
101 
93 
84 
- 
- 
- 
52 
- 
- 
- 
- 
- 


MSS 
63 
60 
- 
- 
66 
94 
- 
- 
- 
- 
- 
- 


DA, DB Inputs 


IS, lSS 
63 
60 
51 
- 
- 
- 
- 
- 
- 
- 
- 
- 


EA 
MSS 
60 
56 
- 
- 
60 
87 
- 
- 
- 
- 
- 
- 


IS,lSS 
60 
56 
43 
- 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
40 
30 
- 
- 
40 
59 
- 
- 
- 
- 
- 
- 
Cn 
IS, lSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


MSS 
72 
60 
- 
34 
43 
42 
- 
- 
* 
* 
78* 
- 


10 
IS 
72 
60 
59 
34 
- 
- 
- 
- 
* 
* 
78* 
- 


lSS 
72 
60 
59 
34 
- 
- 
- 
53 
* 
* 
78* 
- 


MSS 
72 
60 
- 
38 
48 
47 
- 
- 
* 
* 
78* 
- 


14321 
IS 
72 
60 
60 
38 
- 
- 
- 
- 
* 
* 
78* 
- 


lSS 
72 
60 
60 
38 
- 
- 
- 
53 
* 
* 
78* 
- 


MSS 
67 
58 
- 
50 
53 
47 
- 
- 
* 
* 
72* 
- 


18765 
IS 
67 
58 
42 
50 
- 
- 
- 
- 
* 
* 
72* 
- 


lSS 
67 
58 
42 
50 
- 
- 
- 
50 
* 
* 
72* 
- 


MSS 
89 
53 
- 
53 
49 
49 
39 
- 
42 
- 
96 
- 
Clock 


IS, lSS 
89 
90 
74 
53 
- 
- 
39 
- 
42 
- 
96 
- 


I 


MSS 
Z is an output 


Z 
IS, lSS 
Z is an output 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn 
Cn+4 = 03 EBi02 (MSS) 
OVR = O2 EBi01 
(MSS) 
N = 03 (MSS) 


Z = 000;0203 


Notes: 
1. A" *" means the output is enabled or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 


delay to correct data is determined 
by something 
else. 


2. A "-" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TC = _55°C 
to 
+125°C, 
VCC = 4.5V 
to 
5.5V 


First 
Divide 
Operation 
(Double 
Length 
Normalize) 
(18765 = AH, 14321 = 0H' 10 = 0) 


~ 


Slice 
01°0 
51°0 


From 
I~put 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
51°0 
51°3 
Parity 


A, B A~ress 
MSS 
101 
122 
- 
96 
100 
112 
52 
- 
- 
- 
130 
- 


(Arith. 
ode) 
IS, LSS 
101 
93 
84 
- 
- 
- 
52 
- 
- 
- 
106 
- 
, 


MSS 
64 
80 
- 
63 
65 
72 
- 
- 
- 
- 
84 
- 
DA, DB Inputs 


IS, LSS 
64 
62 
51 
71 
- 
- 
- 
- 
- 
- 
- 
- 


EA 


MSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
80 
- 


IS, LSS 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
46 
- 


MSS 
40 
57 
- 
48 
48 
55 
- 
- 
- 
- 
68 
- 
Cn 


IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
- 
46 
- 


I 


MSS 
71 
98 
- 
85 
72 
91 
- 
- 
* 
* 
101* 
- 


10 
IS 
71 
98 
61 
85 
- 
- 
- 
- 
* 
* 
101" 
- 


LSS 
71 
98 
61 
85 
- 
- 
- 
53 
* 
* 
101" 
- 


I 
MSS 
71 
98 
- 
85 
76 
91 
- 
- 
* 
* 
101" 
- 


14321 
IS 
71 
98 
61 
85 
- 
- 
- 
- 
* 
* 
101" 
- 


I 
LSS 
71 
98 
61 
85 
- 
- 
- 
53 
* 
* 
101* 
- 


MSS 
71 
98 
- 
85 
76 
91 
- 
- 
* 
* 
101" 
- 


18765 
IS 
71 
98 
61 
85 
- 
- 
- 
- 
* 
* 
101" 
- 


LSS 
71 
98 
61 
85 
- 
- 
- 
50 
* 
* 
101" 
- 


Clock 
I 
MSS 
89 
113 
- 
90 
87 
98 
39 
- 
42 
- 
114 
- 


IS, LSS 
89 
90 
74 
90 
- 
- 
39 
- 
42 
- 
96 
- 


MSS 
Z is an output 


Z 


IS 
Z is an output 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 


S103, SI~o 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = S + Cn 
N = F3 (MSS) 


SI03 = F3 <B R3 (MSS) 


Z = QOQ1Q~Q3FoF1F2F3 
Cn+4 = F3 <B F2 (MSS) 
OVR = F2 <B F1 (MSS) 


Notes: 
1. A" *" means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
d~lay to correct data is determined 
by something 
else. 


2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TABLE 
IV E-C 
Guaranteed 
Combinational 
Delays 


TC = _55°C 
to 
+125°C, 
VCC = 4.5V 
to 5.5V 
Two's 
Complement 
Divide 
Operation 


(18765 = CH, 14321 = 0H' 
10 = 0) 


~ 


Slice 
Q100 
SIOo 
From 
Input 
Position 
Y 
Cn+4 
G,P 
Z (s) 
N 
OVR 
DB 
WRITE 
QI03 
SIOo 
SI03 
Parity 


A. B Address 
MSS 
101 
93 
- 
- 
102 
118 
52 . 
- 
- 
- 
112 
- 


(,A.rith.'Mode) 
IS, LSS 
101 
93 
84 
- 
- 
- 
52 
- 
- 
- 
106 
- 


MSS 
64 
62 
- 
- 
66 
94 
- 
- 
- 
- 
88 
- 


DA, DB Inputs 
IS, LSS 
64 
62 
51 
71 
- 
- 
- 
- 
- 
- 
- 
- 


EA 
MSS 
60 
56 
- 
- 
60 
87 
- 
- 
- 
- 
96 
- 


IS. LSS 
60 
56 
43 
- 
- 
- 
- 
- 
- 
- 
64 
- 


MSS 
40 
30 
- 
- 
40 
59 
- 
- 
- 
- 
64 
- 


Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
- 
46 
- 


MSS 
95 
96 
- 
42 
98 
127 
- 
- 
* 
* 
113* 
- 


10 
IS 
95 
96 
77 
- 
- 
- 
- 
- 
* 
* 
113* 
- 


LSS 
95 
96 
77 
- 
- 
- 
- 
53 
* 
* 
113* 
- 


MSS 
96 
96 
- 
42 
97 
124 
- 
- 
* 
* 
114* 
- 


14321 
IS 
96 
97 
82 
- 
- 
- 
- 
- 
* 
* 
114* 
- 


LSS 
96 
97 
82 
- 
- 
- 
- 
53 
* 
* 
114* 
- 


MSS 
98 
97 
- 
44 
102 
112 
- 
- 
* 
* 
119* 
- 


18765 
IS 
98 
97 
64 
- 
- 
- 
- 
- 
* 
* 
119* 
- 


LSS 
98 
97 
64 
- 
- 
- 
- 
50 
* 
* 
119* 
- 


MSS 
89 
90 
- 
58 
89 
116 
39 
- 
42 
- 
136 
- 


Clock 


IS, LSS 
89 
90 
74 
- 
- 
- 
39 
- 
42 
- 
96 
- 


MSS 
Z is an output 
Z 
IS, LSS 
71 
68 
56 
- 
- 
- 
- 
- 
- 
- 
81 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


EI 


F = S + R + Cn if Z = 0 
S - 
R - 
1 + Cn if Z = 1 


SI03 
= F3 EEl R3 (MSS) 
Z = F3 (f) R3 (MSS) from previous 
cycle 


Notes: 
1. A" *" 
means the output is enabled or disabled by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 
delay to correct data is determined 
by something 
else. 
2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


TABLE 
IV E-E 
Guaranteed 
Combinational 
Delays 
Tc = -55°C 
to 
+125°C, 
VCC = 4.5V 
to 
5.5V 
Two's 
Complement 
Divide, 
Correction 


(18765= EH, 14321 = 0H' 10 = 0) 


~ 


Slice 
01°0 
51°0 
From 
Input 
Position 
Y 
Cn+4 
G,"P 
Z (s) 
N 
OVR 
DB 
WRITE 
01°3 
5100 
51°3 
Parity 


A, B Ad+ess 
MSS 
101 
93 
- 
- 
102 
118 
52 
- 
- 
- 
106 
- 


(Arith. MOde) 
IS, LSS 
101 
93 
84 
- 
- 
- 
52 
- 
- 
- 
106 
- 


MSS 
64 
62 
- 
- 
66 
94 
- 
- 
- 
- 
71 
- 
DA, DB Inputs 


IS, LSS 
64 
62 
51 
- 
- 
- 
71 
- 
- 
- 
- 
- 


EA 


MSS 
60 
56 
- 
- 
60 
87 
- 
- 
- 
- 
64 
- 


IS, LSS 
60 
56 
43 
- 
- 
- 
- 
- 
- 
- 
64 
- 


MSS 
40 
30 
- 
- 
40 
59 
- 
- 
- 
- 
46 
- 
Cn 
IS, LSS 
40 
30 
- 
- 
- 
- 
- 
- 
- 
- 
46 
- 


MSS 
98 
96 
- 
42 
96 
127 
- 
- 
* 
* 
105* 
- 


10 
IS 
98 
96 
78 
- 
- 
- 
- 
- 
* 
* 
105* 
- 


LSS 
98 
96 
78 
- 
- 
- 
- 
53 
* 
* 
105* 
- 


MSS 
100 
96 
- 
43 
97 
123 
- 
- 
* 
* 
104* 
- 


14321 
IS 
100 
96 
84 
- 
- 
- 
- 
- 
* 
* 
104* 
- 


LSS 
100 
96 
84 
- 
- 
- 
- 
53 
* 
* 
104* 
I 


MSS 
85 
78 
- 
44 
78 
95 
- 
- 
* 
* 
89 * 
- 


IS765 
IS 
85 
78 
62 
- 
- 
- 
- 
- 
* 
* 
89 * 
- 


LSS 
85 
78 
62 
- 
- 
- 
- 
50 
* 
* 
89 * 
- 


MSS 
89 
90 
- 
58 
89 
116 
39 
- 
42 
- 
96 
- 
Clock 
42 
96 
IS, LSS 
89 
90 
74 
- 
- 
- 
39 
- 
- 
- 


I 


MSS 
Z is an output 


Z 
79 
IS, LSS 
76 
70 
54 
- 
- 
- 
- 
- 
- 
- 
- 


IEN 
Any 
- 
- 
- 
- 
- 
- 
- 
24 
- 
- 
- 
- 


S103, SIOo 
Any 
26 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


F = R + S 
Cn if Z = 0 


S - R I 1 + Cn if Z = 1 


Z = F3 Ejj Ra (MSS) from previous 
cycle 


Notes: 
1. A "*" means the output is enabied 
or disabled 
by the input. See Tables C for enable and disable times. A number shown with a * is the 


delay to correct data on an enabled output. A * shown without a number means the output is disabled by the input or it is enabled but the 


delay to correct data is determined 
by something 
else. 


2. A" -" 
means the delay path does not exist. 


3. Data in bold face is different 
from Table A; other data is the same. 


Am2903A 


DISTINCTIVE CHARACTERISTICS 


• 
Second generation of Am2903 Superslice® 
Improved 
design/process 
results in fastest version of the 
Am2903. 


• 
Plug-in replacemert 
for Am2903 - 
The Am2903A 
is a pin-far-pin replacement 
for the original 


version 
of the Am2903. 
Only the switching 
speeds 
have 


changed. 


• 
At least 30% faster - 
The design objective is for the Am2903A to be at least 30% 
faster than the original Am2903 on critical paths. 


DISTINCTIVE CHARACTERISTICS 


• 
Replaces most MSI used around any ALU including the 
Am290r, 
Am2903 and MSI ALUs. 


• 
Genedtes 
Carry-In to the ALU 
Carry jignal 
is selectable from 7 different sources. 


• 
Contairs 
shift linkage multiplexers 
Connects to shift lines at the ends of an Am2901 or Am2903 
array tb implement single and double length arithmetic and 
logical shifts and rotates - 32 different modes in all. 


• 
Contairs two edge-triggered status registers 
Use fo foreground/background 
registers in controllers or as 
microlevel 
and machine 
level status registers. 
Bit manip- 
ulating instructions are provided. 


• 
Condition Code Multiplexer on chip 
Single cycle tests for any of 16 different conditions. Tests can 
be perfbrmed on either of the two status registers or directly on 
the ALl! output. 


DESCRIPTION 


The Am2904 is designed to perform all the miscellaneous func- 
tions which are usually performed in MSI around an ALU. These 
include the generation of the carry-in signal to the ALU and carry 
lookahead unit; the interconnection of the data path, auxiliary 
register, and carry flip-flop during shift operations; and the stor- 
age and testing 
of ALU status 
flags. These 
tasks 
are ac- 
complished in the Am2904 by three nearly independent blocks of 
logic. The carry-in is generated by a multiplexer. The shift link- 
ages are established by four three-state multiplexers. There are 
two registers for storing the carry, overflow, zero, and negative 
status flags. The condition code multiplexer on the Am2904 can 
look at true or complement of any of the four status bits and 
certain combinations of status bits from either of the storage 
registers or directly from the ALU. 


For additional applications 
refer to Chapter 4 of "Build A Mi- 
crocomputer," 
the AMD application 
book on bipolar 
micro- 


processors. 
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51°3 


QI03 
CARRY 
FLlP.FlOP 
'TC 


BASIC FEATURES OF Am2904 


All the logic shown except the array of 2901s or 
2903s is contained in the Am2904. 


MICRO 
STATUS 
REGISTER 


IOVR 
TO 


IC 
IS MCMS MC 


INSTR 


DECODE 
SHIFT 
MUX 


MACHINE 
STATUS 
REGISTER 


MUX 
& 
POL 


FJ 


Am2904 ARCHITECTURE 


The 
Am2904 
Status 
and Shift 
Control 
Unit provides 
four 


functions 
which 
are included 
in all processors. 
These are: 


a) Status 
Register, 
b) Condition 
Code Multiplexer, 
c) Shift 


Linkages 
and d) Carry-in 
Control. 
The architecture 
and in- 


struction codes have been designed to complement the flexi- 
bility of the 2900 Family. 


Status Register 


The Am2904 contains two four-bit registers which can store 
the status outputs of an ALU: Carry (C), Negative (N). Zero 
(Z), and Overflow 
(OVR). They are designated 
Micro Status 


Register 
(JLSR) and Machine 
Status 
Register 
(MSR). 
Each 


register 
can be independently 
controlled. 
The registers 
use 


edge-triggered 
Ootype flip-flops 
which 
change 
state on the 


LOW to HIGH transition of the Clock Input. 


The JLSR can be loaded from the four status inputs (Ic. IN, Iz, 
10VR)or from the MSR under instruction control (Io-s). 
The 


bits in the JLSR can also be individually set or reset under in- 
struction control (Io-s)' When the CE/L input is HIGH, the /LSR 
is inhibited from changing, independent of the lo-s inputs. 


The MSR can be loaded from the four status inputs (Ic. IN. Iz, 
10VR),from the /LSR, and from the four parallel input/output 
pins (Yc, YN• Yz, YOVR) under instruction control (Io-s) .The 
MSR can also be set, reset or complemented 
under instruc- 


tion control (Io-s). The bits in the MSR can be selectively up- 
da~ed by controlling 
the four bit-enable 
inputsB. 
EN. Ec• 


EovR) and the CEM input. A LOW on both the CEM input and 
the bit enable input for a specific bit enables updating that bit. 
A HIGH on a given bit enable input prevents the corresponding 
bit changing in the MSR. A HIGH on CEM prevents any bits 
changing in the MSR. 


The four parallel bidirectional 
input/output pins 
(Yz• YN• Yc, 
YOVR)allow the contents of both the /LSR and the MSR to be 
transferred to the system data bus and also allows the MSR to 
be loaded from the system data bus. This capability is used to 
save and restore the status registers during certain subroutines 
and when servicing interrupts. 


Condition 
Code Multiplexer 


The Condition Code Multiplexer output, CT. can be selected 
from 16 different functions. These include the true and com- 
plemented state of each of the status bits and combinations of 
these 
bits 
to detect 
such 
conditions 
as "greater 
than", 
"greater than or equal to", "less than" or "less than or equal 
to" for unsigned or two's complement numbers. 


The Am2904 can perform these tests on the contents of the 
/LSR, the MSR or the direct status inputs, (lz. IN, Ic• 10vR)' 
The CT output is used as the test (CC) input of the Am2910 
and is provided with an output enable, OECT to make the ad- 
dition of other condition inputs to this point easy. 


Shift Linkage 
Multiplexer 


The Shift Linkage 
MUltiplexer generates 
the necessary 
link- 


ages to allow the ALU to perform 32 different shift and rotate 
functions. Both single length and double length shifts and ro- 
tates, with and without carry (Me). are provided. When the SE 
input is HIGH, the four input/output 
pins (SIOo• SIOn• 0100, 
OIOn) are disabled. The SIOo, SIOn, 0100. OIOn pins of the 
Am2904 are intended to be directly connected to the RAMo, 
RAM3, 00 and 03 pins of the Am2901 or the SIOo• S103, 0100, 
0103 pins of the Am2903. 


Carry-In 
Control 
Multiplexer 


The Carry-In 
Control 
Multiplexer 
generates 
the Co output 


which can be selected from 7 functions (0. 1, CX, /Lc, Mc• /LC, 


Me). These functions allow easy implementation of both single 
length and double 
length addition 
and subtraction. 
The Cx 


input 
is intended 
to be connected 
to the Z output 
of the 
Am2903 to facilitate execution of some of the Am2903 special 
\instructions. 
The Co pin is to be connected to the Cn pin of 


the least significant Am2901 or Am2903 and the Cn pin of the 
Am2902A. 


Am2904 INSTRUCTION SET 


The Am2904 is controlled by manipulating the 13 instruction 
lines, 10-12• together with the nine enable lines, CEM, CEp., 
Ez, Ec• EN, EovR, OEy• OECT' SE. Most systems will save on 
microword bits by tying some of these lines to a fixed level or 
by connecting 
certain 
lines together, 
or by decoding 
mic- 
roinstructions to generate appropriate Am2904 controls. 


Status 
Registers 


Instruction lines Is, 14,13,12•11, 10control the Status Registers. 
Below, these lines are referred to as two octal digits. 


Micro Status Register 
(JLSR) 


The instruction codes for the Micro Status Register fall into 
three groups: 
Bit Operations. 
Register Operations 
and Load 
Operations 
(See Table 1 and Map 1). All operations 
require 


TABLE 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 


1543210 
p.SR 
Comments 
Octal 
Operation 


10 
0 -+ 
ILZ 
RESETZEROBIT 


11 
1 -+ 
ILZ 
SETZEROBIT 


12 
0 -+ ILC 
RESETCARRYBIT 
13 
1 -+ ILC 
SETCARRYBIT 


14 
0 -+ ILN 
RESETSIGNBIT 


15 
1 -+ ILN 
SETSIGNBIT 
16 
0 
--+- 
IJ-OVR 
RESETOVERFLOWBIT 


17 
1 
--+- 
JJ.QVR 
SETOVERFLOWBIT 


1543210 
p.SR 


Comments 
Octal 
Operation 


00 
Mx -+ 
ILX 
LOADMSRTOILSR 


01 
1 -+ 
ILX 
SETILSR 


02 
Mx -+ 
ILX 
REGISTERSWAP 


03 
0 -+ 
ILX 
RESETILSR 


1543210 
p.SR 
Comments 
Octal 
Operation 


06.07 
Iz -+ 
ILZ 


Ic -+ ILC 
LOADWITH 
IN -+ ILN 
OVERFLOWRETAIN 


IOVR 
+ IJ.QVR 
--+- 
J.LQVR 


30.31 
Iz -+ 
ILZ 


50.51 
lC -+ ILC 
LOADWITH 
70.71 
IN 
--+- 
ILN 
CARRYINVERT 


IOVR-+ ILaVR 
04.05 
Iz -+ 
ILZ 
20·27 
'e ~ 
J.tc 
LOADDIRECTLY 
32-47 
IN -+ ILN 
FROM 
52-67 
laVR -+ ILaVR 
Iz. Ic. IN.laVR 
72-77 


1210 
'''3 
000 
001 
0'0 
'011 
100 


LOAD 
SET 
RESET 
000 
MSA 
AEG 


TO "'SA 
"SA 
SWAP 
"SA 


001 
RESET 
SET 
RESET 
SET 
RESET 


"Z 
"Z 
"C 
"C 
"N 


0'0 


011 


'00 


'01 


Notes: 1. All unmarkedlocationsare a load 


direct from Iz• Ie. IN, 10VR' 


that CEIL be LOW to operate. 


Instruction Codes 108 to 178 are BIT operations. These oper- 
ations set or reset the individual bits in the JLSR. 


Instruction 
Codes 
008 to 038 are 
REGISTER 
operations. 


These operations affect all bits in the JLSR. 


008 
This instruction loads the JLSR with the contents of 
the MSR while loading the MSR from the Y inputs 
and is further explained under "INTERRUPTS". 


018 
This instruction SETS all JLSRbits. 


028 
This instruction 
SWAPS the contents 
of the JLSR 


and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 


038 
This instruction RESETS all JLSRbits. 


All instruction codes except those mentioned in the 
above two sections cause a LOAD operation 
from 


the Iz• Ie. IN. 10VRinputs. 


068• 078 When a series of arithmetic 
operations 
are being 


executed sometimes 
it is not necessary to test for 
an overflow 
condition 
after each 
operation. 
but 


rather it is sufficient simply to know that an overflow 
occured during anyone 
of the operations. 
Use of 
these instructions captures the overflow condition by 
loading the JLSR overflow bit with the LOGICAL OR 
of its present state and 10vR' Thus, once an over- 
flow occurs. JLOVR will remain set throughout 
the 


remaining operations. 


308.318• These instructions 
cause a load from the I inputs. 
508.518• but 
invert 
the carry 
bit. The 
reason 
for this 
is 
708.718 
explained 
more fully under the "BORROW 
SAVE" 
section. 


All 
others 
The remaining instructions load the JLSRdirectly from 
the Iz• Ie. IN. 10VRinputs. 


Machine 
Status 
Register 
(MSR) 


The instruction codes for the MSR fall into two groups; REG- 
ISTER Operations 
and LOAD Operations. 
All operations 
re- 


quire that CEM be LOW to operate (See Table 2 and Map 2). 


BIT operations 
are accomplished 
by the use of Register or 


Load Operations with the E;. Ee• EN. EovR inputs selectively 
set LOW. 


Instruction codes 008-038 and 058 are REGISTER operations. 
They affect only those bits enabled by Ez, Ee• EN. EovR. 


008 
This instruction 
loads the MSR from the Y inputs 


while transferring 
the present contents to the JLSR. 


The use of this instruction is further explained under 
"INTERRUPTS". 


This instruction SETS all enabled MSR bits. 


This instruction 
SWAPS the contents 
of the JLSR 


and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 


This instruction RESETS all enabled MSR bits. 


This instruction 'COMPLEMENTS 
all enabled MSR 


bits. 


All instruction 
codes except those 
mentioned 
in the above 
section cause a LOAD operation from the Iz• Ie. IN. 10VRin- 
puts. 


048 
The Am2904 
Shift 
Linkage 
Multiplexer 
allows for 


shifts 
and rotates 
through 
the MSR CARRY 
bit. 


Some machines require a shift or rotate through the 
OVERFLOW 
bit. By using·this 
code, which swaps 


the contents 
of the 
MSR 
CARRY 
bit (Mcl 
and 


OVERFLOW 
bit (MOVR). the shift or rotate can be 


made to appear to take place through the OVER- 
FLOW bit. The procedure is to swap the bits. shift 
or rotate (any number or positions) then swap the 
bits again. 


TABLE 2. MACHINE STATUS REGISTER 


INSTRUCTION CODES. 
Register Operations 


1543210 
MSR 
Octal 
Operation 
Comments 


00 
Yx -+ Mx 
LOADYz, Yc. YN,YOVR 
TO MSR 
01 
1-+ 
Mx 
SETMSR 
02 
!LX 
-+ Mx 
REGISTERSWAP 
03 
0 -+ Mx 
RESETMSR 


05 
Mx -+ 
Mx 
INVERTMSR 


1543210 
Octal 


04 


MSR 
Operation 


Iz 
-+ 
Mz 


MOVA-+ Me 
IN -+ MN 
Me -+ MOVA 


Iz 
-+ 
Mz 


iC -+ 
Me 


IN -+ MN 
10VA -+ MOVR 


Iz -+ 
Mz 


Ie -+ 
Me 


IN -+ MN 
10VA-+ MOVA 


LOADFORSHIFT 
THROUGHOVERFLOW 
OPERATION 


10.11 
30.31 
50,51 
70.71 


06,07 
12-17 
20-27 
32-37 
40-47 
52-67 
72-77 


Notes: 1. The above tables assume CEM• Ez• Ee• EN, EOVRare 


LOW. 


2., A shifl-through-carry instruction loads Me irrespective of 


15-10, 


LOADWITH 
CARRYINVERT 


LOADDIRECTLY 
FROMIz.lc 
IN,loVA 


tS0431210 
e><Xl 


LOAd 
000 
MSR 
FROM Y 


50a.51a 
explained 
more 
fully 
under 
the 
"BORROW 
SAVE" 


70a• 71a 
section 


Condition 
Code Multiplexer 


The four instruction 
lines 13• 12• 11• 10 will select 
one of 16 pos- 


sible operations 
to be carried 
out on the input 
bits. the result 


being 
routed 
to the Conditional 
Test Output 
(CT). 
Eight of the 
operations 
supply 
an individual 
status 
bit or its complement 
to 
the CT output. 
Another 
four do more complex 
operations 
while 
the 
remaining 
four 
are 
the 
complementea 
results 
of these 
(See Table 4). 


These 
instructions 
load 
the 
MSR 
directly 
from 
the 
Iz, Ic• IN. IOVR inputs. 


OEy 
15 
14 
Y Output 
Comment 


1 
x 
x 
Z 
Output Off 
High Impedance 


0 
0 
X 
J.'i 
-> Yi 
See Note 1 


0 
1 
0 
Mi 
-> 
Yi 
0 
1 
1 
Ii 
-+ Yi 


06a,07a 
12a-27a 
32a-47a 
52a-67a 
72a-77a 


Notes: 1. For the conditions: 


~4' 
13,12,11,10are LOW, Y is an input. 


OEy is "Don't Care" for this condition. 


2. X is "Don't Care" conciition. 


13 - 
0 
13 
12 
11 
10 
15 = 14 = 0 
15 = 0.14 = 1 
15 = 1,14 = 0 
15 = 14 = 1 
HEX 


0 
0 
0 
0 
0 
(I-'N<:t>I-'OVR)+ I-'Z 
(J.'N<:t>I-'OVR)+ I-'Z 
(MN<:t>MOVR)+ Mz 
(IN<:t>10VR)+ Iz 


1 
0 
0 
0 
1 
(J.'N0I-'OVR)- ilz 
(J.'N01-'0VR)·ilz 
(MN0 MOVR)- Mz 
(1N0loVR) -Iz 


2 
0 
0 
1 
0 
I-'N<:t>I-'OVR 
I-'N<:t>I-'OVR 
MN<:t>MOVR 
IN<:t>IOVR 


3 
0 
0 
1 
1 
1-'N0I-'OVR 
1-'N0I-'OVR 
MN0MoVR 
1N0loVR 
4 
0 
1 
0 
0 
I-'Z 
I-'Z 
Mz 
Iz 


5 
0 
1 
0 
1 
;Xz 
;Xz 
Mz 
Tz 


6 
0 
1 
1 
a 
I-'OVR 
I-'OVR 
MOVR 
IOVR 


7 
0 
1 
1 
1 
ilOVR 
ilovR 
MOVR 
TOVR 


a 
1 
0 
0 
0 
J.'C+ I-'Z 
I-'C+ J.'z 
Mc + Mz 
Tc + Iz 
9 
1 
0 
0 
1 
ilc -ilz 
iIc' JIz 
MC'Mz 
Ic -Tz 


A 
1 
0 
1 
0 
I-'C 
I-'C 
Mc 
Ic 


B 
1 
0 
1 
1 
JIc 
iIC 
Mc 
Tc 


C 
1 
1 
0 
0 
iIc + I-'Z 
iIc + I-'Z 
Mc + Mz 
Tc + Iz 
0 
1 
1 
0 
1 
I-'c'ilz 
I-'c'iIz 
Mc·Mz 
Ic -Tz 
E 
1 
1 
1 
0 
IN<:t>MN 
I-'N 
MN 
IN 


F 
1 
1 
1 
1 
IN0MN 
JIN 
MN 
IN 


For Unsigned Numbers 
For 2's Complement Numbers 


13-0 
13-0 
Relation 
Status 
CT = H 
CT = L 
Status 
CT = H 
CT = L 


A~B 
Z ~ 1 
4 
5 
Z ~ 1 
4 
5 


A"B 
Z~O 
5 
4 
z=o 
5 
4 


A-"B 
C ~ 1 
A 
B 
N00VR ~ 1 
3 
2 


A~B 
c-o 
B 
A 
N(E>OYR=l 
2 
3 


A>B 
C·Z ~ 1 
0 
C 
(N00VR)· 
Z ~ 1 
1 
0 


A~B 
C + Z = 1 
C 
0 
(N <:t>OVR)+ Z ~ 1 
0 
1 


The more complex operations are intended to follow the calcu- 
lation A-B to give an indication of which is the larger (A, B un- 
signed) or more positive (A, B in 2's complement form). See 
Table 5. 


The two instruction lines 14, 15select whether the !LSR, the 
MSR or the direct inputs Iz, Ie, IN, 10VR are used as the inputs 
to the Y output buffer and the CT output (see Tables 3 and 4). 


Instruction codes 16a and 17a form the EXCLUSIVE - 
OR 


and the EXCLUSIVE - 
NOR functions of MN and IN' The use 


of these instructions is explained under "NORMALIZING" 


Shift Linkage Multiplexer 


The five instruction lines 
110, Ig, la, 17, 
16 control the SHIFT 
LINKAGE multiplexer. All instructions set up the linkages for 
both the ALU shifter (RAM shifter on the Am2901A) and the Q 
register. 


UP and DOWN shifts are decided by 110 which should be 
connected to la of the Am2903's instruction lines or 17of the 
Am2901's instruction lines. A wide range of input and output 
connections are provided, allowing for single or double length 
shifting or rotating with or .without the use of the MSR CARRY 
or SIGN bits (See Table 7). 


In the following discussion of some of the shifts the instruction 
codes are given as two octal digits AB; A represents 1'0' Ig, B 
represents la, 17, 16, 


When adding and down shifting on the same micrQcycle, (i.e. 
when doing multiplication or averaging) the shifter input must 
be the present CARRY, Ie, rather than the carry resulting from 
the last cycle (Mc). Instruction Code 13a accomplishes this for 
unsigned arithmetic. For 2's complement arithmetic, the re- 
quired shifter input is: IN$ 
10VR' 
This is provided by Instruc- 


tion Code 16a. 


Instruction Codes 148, 158, 17a provide the RIGHT ROTATE 
THROUGH 
CARRY, ROTATE BRANCH CARRY and RO- 
TATE WITHOUT CARRY functions respectively. 


Instruction Codes 348, 35a, 37a provide the LEFT ROTATE 
THROUGH 
CARRY, ROTATE BRANCH CARRY and RO- 


TATE WITHOUT CARRY functions respectively. 


The shift outputs are in the high impedance state unless SE is 
LOW. 


Loading of the Me bit by a shift operation overrides any load- 
ing or holding of the Me bit by MSR Instructions (10-5, CEM 
and Eel. 


"CARRY-IN" 
Control Multiplexer 


The two instruction lines 1'2' I" 
control the source of the 


CARRY output (Co). 


When 1,2= 0 
Co = I" 
When 1'2 = 1 and I" 
= 0, the external carry input Cx is pre- 
sented to the carry output. 


When 1'2 = I" 
= 1 the carry output is selected from !Le , !Le, 
Me or Me as defined by 15,13, 12, I, (See Table 6). 


Borrow 
- 
Save 


One of the capabilities of the Am2900 Family is the complete 
emulation of other processing 
machines. One requirement 
of 


an emulator is that, when a calculation is being performed, not 
only must th~ answer obtained from the Am2900 chips be the 
same as that from the machine being emulated, but after each 
machine level instruction, the status bits must be indentical. 


TABLE 6. CARRY-IN CONTROL 
MULTIPLEXER INSTRUCTION CODES. 


112 
111 
15 
13 
12 
11 
Co 


0 
0 
X 
X 
X 
X 
0 


0 
, 
X 
X 
X 
X 
1 


1 
0 
X 
X 
X 
X 
ex 


1 
1 
0 
0 
X 
X 
I-'e 


1 
1 
0 
X 
1 
X 
I-'e 


1 
1 
0 
X 
X 
1 
I-'e 


1 
1 
0 
1 
0 
0 
lie 


1 
1 
1 
0 
X 
X 
Me 


1 
1 
1 
X 
1 
X 
Me 


1 
1 
1 
X 
X 
1 
Me 
, 
1 
1 
1 
0 
0 
Me 


There are alternative 
methods for SUbtracting in a digital 
machine and the state of the CARRY after the calculation de- 
pends on the method. For instance, the subtraction of 0100 
from 1010 by the 2's complement add method generates a 
result of 0110 with a CARRY. Direct subtraction 
however, 


yields an answer of 0110 with no BORROW. 


Many machines store the state of the CARRY for subtract op- 
erations, and this is the recommended method for maximum 
effective use of the Am2904, but, to allow those machines 
which store the BORROW to be efficiently 
emulated, 
the 
Am2904 has allocated special instructions. Using these codes 
causes the CARRY bit to be inverted before storage in the 
status registers and also re-inverts these status bits before 
using them as carry inputs. These codes are 10a, 118, 30a, 
318, 50a, 51a, 70a, 71a (15-0)' 


Notice that when these codes are used to load the inverted 
CARRY to either 
of the status 
registers, 
the CT output 
selected 
by the Condition 
Code Multiplexer 
assumes the 
CARRY is inverted and still defines whether A > B or A .;;;B 
(See Table 4). 


Similarly, when doing a compare on a machine which saves 
the borrow, testing for A > B, A.;;; B forces the complement of 
the CARRY to be stored in the status registers (See Tables 1 
and 2). 


NormaliZing 


Normalizing is the process of stripping off all leading sign bits 
until the two most significant bits are complementary. 
The 
Am2904 facilitates both single and double length normaliza- 
tion in the Am2901 and the Am2903. When using the NOR- 
MALIZE special instructions with the Am2903, the EXCLU- 
SIVE - OR of the most significant two bits is generated at the 
Cn+4 pin of the most significant Am2903. The EXCLUSIVE - 
OR of the two bits next to the most significant bit is also gen- 
erated at the OVR pin. The procedure for normalizing then is 
to loop on the normalize instruction with a branch condition on 
the Cn+4 state or the OVR state, depending on the architec- 
ture employed. The Cn+4 
or OVR output is routed to the 


Am2910 CC input through the Am2904 Condition Code mul- 
tiplexer. As the contents of the status registers always refers 
to the last CYCle,not the present one, the last operation in 
Normalizing is to downshift, bringing the sign bit (MN) back 
into the most significant bit position. This is achieved using 
the shift operations 05a (1'0-6) for double length normalizing, 


a 
SIOo 
SIOn 
01°0 
OIOn 
Loaded 
110 
19 
la 
17 
16 
Me 
RAM 
into Me 


MSB 
LSB 
MSB 
LSB 
0 
0 
0 
0 
0 
o .-c=:J- .-c=::J- 
z 
0 
z 
0 


0 
0 
0 
0 
1 
o '-c=:J-'-c=:J- 
z 
1 
Z 
1 


0 
0 
0 
1 
0 
[] ·=GJMN-c=::J- 
Z 
0 
Z 
MN 
SIOo 


0 
0 
0 
1 
1 
D'~ 
z 
1 
Z 
SIOo 


0 
0 
1 
0 
0 
o-----c=J-----E 
Z 
Me 
Z 
SIOo 


0 
0 
1 
0 
1 
DMN~ 
Z 
MN 
Z 
SIOo 


0 
0 
1 
1 
0 
D'~ 
z 
0 
Z 
SIOo 


0 
0 
1 
1 
1 
[] .=G=E}J 
Z 
0 
Z 
SIOo 
0100 


0 
1 
0 
0 
0 
D~ 
~ 
Z 
SIOo 
Z 
0100 
SIOo 


0 
1 
0 
0 
1 
o:::=GJ 
~ 
Z 
Me 
Z 
0100 
SIOo 


0 
1 
0 
1 
0 
0 
~ 
~ 
Z 
SIOo 
Z 
0100 


0 
1 
0 
1 
1 
D'c~ 
Z 
Ie 
Z 
SIOo 


0 
1 
1 
0 
0 
~ 
Z 
Me 
Z 
SIOo 
0100 


0 
1 
1 
0 
1 
~ 
Z 
0100 
Z 
SIOo 
0100 


INe 
'OVR 


0 
1 
1 
1 
0 
0 
~ 
Z 
IN Ell IOVR 
Z 
SIOo 


0 
1 
1 
1 
1 
0 
~ 
Z 
0100 
Z 
SIOo 


MSB 
LSB 
MSB 
LSB 
1 
0 
0 
0 
0 
[]----c=J--. -e=:J-. 
0 
Z 
0 
Z 
SIOn 


1 
0 
0 
0 
1 
[J----c=J-' -e=:J-' 
1 
Z 
1 
Z 
SIOn 


1 
0 
0 
1 
0 
0 ~'-e=:J-' 
0 
z 
0 
Z 


1 
0 
0 
1 
1 
0 ~' 
-c:=::J-' 
1 
Z 
1 
Z 


1 
0 
1 
0 
0 ~. 
OIOn 
Z 
0 
Z 
SIOn 


1 
0 
1 
0 
1 
~' 
OIOn 
Z 
1 
Z 
SIOn 


1 
0 
1 
1 
0 
0 ~. 
OIOn 
Z 
0 
Z 


1 
0 
1 
1 
1 
0 
~' 
OIOn 
Z 
1 
Z 


1 
1 
0 
0 
0 
D~ 
CGJ 
SIOn 
Z 
OIOn 
Z 
SIOn 


1 
1 
0 
0 
1 
o:::=GJ CGJ 
Me 
Z 
OIOn 
Z 
.. 
SIOn 


1 
1 
0 
1 
0 
0 CGJ CGJ 
SIOn 
Z 
OIOn 
Z 


1 
1 
0 
1 
1 
[] 
~ 
-c:=::J-. Me 
Z 
0 
Z 


1 
1 
1 
0 
0 
~ 
OIOn 
Z 
Me 
Z 
SIOn 


1 
1 
1 
0 
1 
D~ 
OIOn 
Z 
SIOn 
Z 
SIOn 


1 
1 
1 
1 
0 
6 
~ 
OIOn 
Z 
Me 
Z 


1 
1 
1 
1 
1 
0 
~ 
OIOn 
Z 
SIOn 
Z 


Notes: 1. Z = High impedance(outputsoff) state. 
3. Loadingof Me from 1'0'6 overridescontrolfrom 15•0•eEM. Ee. 
2. Outputsenabledand Me loadedonly if SE is LOW. 


and 028 for single length normalizing. 
For more details 
re- 


garding normalizing 
with the Am2903 see the Am2903 data 
sheet. 


The Am2901 does not have the EXCLUSIVE - OR gates to help 
with normalizing, so the Am2904 includes in the Condition Code 
mUltiplexer the EXCLUSIVE 
- 
OR and EXCLUSIVE 
- 
NOR 


functions of MN (the sign bit resulting from the last operation) and 
IN (the sign bit resulting from the present operation). 


Interrupts 


Some machines allow interrupts only at the machine instruc- 
tion level while others allow them at the microinstruction 
level. 


The Am2904 is designed to handle both cases. 


When the machine is interrupted, it is necessary to store the 
contents 
of either the MSR (machine 
instruction 
level inter- 
rupts) or both the status registers (micro instruction level inter- 


rupts) into an external store. This transfer is intended to take 
place over the Y input/output pins (See Table 3). 


After the interrupt has been serviced the registers must be re- 
stored to their pre-interrupt state. This is accomplished by two 
operations of instruction 008 (15-0) which loads the MSR from 
the Y inputs while loading the j.LSR from the MSR. Thus, the 
pre-interrupt contents of the j.LSR are first loaded to the MSR 
(first instruction 008), then this data is transferred to the j.LSR 
while the MSR is restored to its pre-interrupt state (second in- 
struction 008), 


In controllers and some other microprogrammed 
machines the 


applications program itself is often in the microprogram 
mem- 


ory; that is, there is no macroinstruction 
set. These machines 


require only a microstatus register since there is no separate 
machine status. The MSR in the Am2904 can be used as a 
one-level stack on the microstatus register. When an interrupt 
occurs, the j.LSR and the MSR are simply 'swapped 
(15-0 
= 


028), 


1"\11 L::::IUI. 
CT 
The conditional test output. The output of the Condi- 


Ie 
Ca ry status input pin, intended for connection to the 
tion Code multiplexer appears here. 


CnH 
output of the most significant ALU slice. 
OEeT 
When this pin is LOW, the CT pin is active. When 
IN 
sidn status input pin, intended for connection to the 
HIGH the CT pin is in the high impedance state. 


most significant ALU slice. The connection 
is to the 
SIOo, 
These pins complete the linking for the various shift 
N pin 
on the 
Am2903, 
and 
the 
F3 pin 
on the 


A12901. 


SIOn 
and rotate conditions. 
SIOo is intended for connec- 


10VR 


0100 
tion to the SIOo pin of the least significant Am2903 
Overflow status input pin, intended for connection to 
OIOn 
slice (RAMo for Am2901). SIOn connects to the SI03 pin 
the OVR pin on the most significant ALU slice. 
of the 
most 
significant 
Am2903 
slice, 
(RAM3 for 


10-12 
Thll thirteen instruction pins which select the opera- 
Am2901). 0100 connects to the 0100 pin of the least 
tion the Am2904 is to perform. 
significant Am2903 slice (0100 for Am2901) and OIOn 


CEM 
This pin, used in conjunction with Ez, Ee, EN, EOVR 
connects to the 0103 pin of the most significant Am2903 


actf 
as the overall 
enable for the machine 
status 
slice (03 for Am2901). 


register. 
When the pin is LOW, MSR bits maY-.E..e 
SE 
This pin controls the state of the shift outputs. When 
modified, 
according 
to the states 
of Ez, Ee, EN, 
LOW, the shift outputs are enabled. When HIGH, the 
EovR. When HIGH, the MSR will retain the present 
shift outputs are in the high impedance state. 


stare, regardless of the state of E;;, Ee, EN, EovR· 
Co 
This pin is the output of the Carry In control multi- 
Ez,Ee 
These pins, when LOW, enable the corresponding 
plexer. It connects to the Cn input of the least sig- 
EN, 
bits in the Machine 
Status 
Register. 
When HIGH, 
nificant ALU slice, and the Cn input of the Am2902A. 


EOVR 
th~y will prevent the corresponding 
bits from ch~ 
Cx 
This pin is used as an input to the Carry In Control 
ing state. By using these pins together with the CEM 
multiplexer which can route it to the Co pin. The Cx 
pi~, MSR bits can be selectively modified. 
pin is intended for connection to the Z output of the 
CE~ 
This pin, when LOW, enables 
all four bits of the 
Am2903 to facilitate some of the Am2903 special in- 
Mitro 
Status Register. When this pin is HIGH, the 
structions. 
~SR will not change state. 
CP 
The clock input to the device. The ~SR and MSR are 
Yz, Ye, 
Th~se pins form a three-state 
bidirectional bus over 
modified on the LOW to HIGH transition of the clock 
YN, 
wh ch MSR and ~SR status can be read out or the 
input. All other portions of the Am2904 are combina- 
YOVR 
MSR can be loaded in parallel. 
tiona I and are unaffected by CPo 


Order the part numberaccordingto the table below to obtain the de- 
sired package,temperaturerange,and screeninglevel. 


Package 
Operating 
Screening 


Order 
Type 
Range 
Level 


Number 
(Note 1) 
(Note2) 
(Note3) 


AM2904PC 
P-40 
C 
C-1 
AM2904DC 
D-40 
C 
C-1 
AM2904DC-B 
D-40 
C 
B-2 (Note4) 


AM2904DM 
D-40 
M 
C-3 
AM2904DM-B 
D-40 
M 
B-3 


AM2904FM 
F-42 
M 
C-3 


AM2904FM-B 
F-42 
M 
B-3 


AM2904XC 
Dice 
C 
} 


Visual inspection 


AM2904XM 
Dice 
M 
to MIL-STD-883 
Method2010B. 


Notes: 
1. P = MoldedDIP, D = HermeticDIP, F = Flat Pak. Numberfollow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variationsof the packagemay be used unlessotherwisespecified. 
2. C = O°Cto +70°C,Vce = 4.75V to 5.25V. 


M = ~55°C to +125°C, Vee = 4.50V to 5.50V. 
3. See AppendixA for details of screening.Levels C-1 and C-3 con- 
form to MIL-STD-883,Class C. Level B-3 conforms to MIL-STD- 
883, 
Class 
B. 
4. 96 hour burn-in. 


Am2904 


CONNECTION DIAGRAMS 
LOGIC SYMBOL 


Top Views 
(DIP) 


DIP 
Flat Package 


EZ 
17 
CP 
8 
Ec 
11 


EN 
13 
17 
I, 
13 
I. 
9 
Iz 
EOVR 
15 
cr" 
I. 
CEM 
15 
12 
Ie 
I. 
1'0 
"Ez 
I. 
14 
IN 
15 
SE 
NC 
CE~ 
16 
IOVA 


I. 
5100 
Iz 
17 


13 
SIOn 
Vee 
18 
32 
crM 
0100 
Ee 
I. 
18 
10 
31 
Ez 
alan 
Ie 
1'0 
19 
I, 
29 
Iz 
Am2904 
VZ 
ION G 


SE 
21 
I, 
Am2904 
28 
VCC 
Ye 
IN 
5100 
, 
13 
20 
Ee 
GND 
EOVR 
SIOn 
5 
I. 
Ie 
YN 
NC 
0100 
4 
15 
EN 
YOVR 
IOVA 
alan 
3 
I. 
27 
IN 
CT 
CP 
Yz 
1 
17 
26 


EOVR 
OECT 
10 
YC 
40 
18 
leVR 
Co 
I, 
GND 
39 
19 


CP 
Cx 
OE'y 
YN 
38 
1'0 
36 
10 
112 
I, 
YOVR 
22 
I" 
35 
I, 
I" 
I" 
CT 
23 
112 
34 
0Ey 
I, 
112 
OECT 
33 


Cx 
Co 
37 


MPR·723 
MPR·724 
24 
Cx 
Co 
25 


Note: 
Pin 1 is marked for orientation. 
NC = No Connection. 


MPR·725 


Vcc = Pin 10 
GND = Pin 30 


DIE SIZE 0.140" X 0.161" 


Pad Numbers correspond 
to DIP pinout 


MAXIMUM RATINGS 
(Above 
which 
the 
useful 
life 
may 
be 
impaired) 


Storage 
ljemperature 


Temperature 
(Case) 
Under 
Bias 


Supply 
Voltage 
to 
Ground 
Potential 


DC 
Voltage 
Applied 
to Outputs 
for 
High 
Output 
State 


DC 
Input 
Voltage 


DC 
Output 
Current, 
Into 
Outputs 


DC 
Input 
Current 


-65°C 
to 
+150°C 


- 55°C 
to 
+ 125°C 


-O.5V 
to 
+ 7.0V 


-O.5V 
to 
Vee 
max. 


-O.5V 
to 
+5.5V 


30mA 


-30mA 
to 
+5.0mA 


OPERATING 
RANGE 


PIN 


Am2904PC, 
QC 


Am2904DM, 
FM 


Temperature 


TA = O°C to +70°C 


Tc 
= -55°C 
to.+125°C 


Vee 
= 5.0V 
±5% 


Vcc 
= 5.0V 
±10% 


VCC 


(MIN. 
= 4.75V, 
MAX. 
= 5.25V) 


(MIN. = 4.50V, 
MAX. = 5.50V) 


'OH = -1.6mA 
2.4 
Volts 


Yz, Ye, YN,YOVR 


VOH 
Output 
HIGH Voltage 
Vee = MIN., 


'OH = -0.8mA 
V,N = V,H or V,L 
SIOo, SIOn, 
0100 
2.4 
Volts 


OIOn, 
CT,CO 


Yz, Ye 
I 
'OL = 24mA 
(Com'l) 
0.5 


VOL 
Output 
LOW Voltage 
Vee = MIN., 
YN, YOVR 
I 
10L - 
16mA (MIL) 
0.5 
Volts 


VIN = V,H or V,L 
S\Oo' 0100' 
CT, 
I 
SIOn, 
OIOn, 
CO 
'OL = 8mA 
0.5 


V,H 
Input HIGH Voltage 
Guaranteed 
Input Logical 
HIGH Vonage 
for all Inputs (Note 7) 
2.0 
Volts 


V,L 
Input LOW Voltage 
Guaranteed 
Input Logical 
LOW Voltage 
for all Inputs (Note 7) 
0.8 
Volts 


VI 
Input Clamp 
Voltage 
Vee 
= MIN., 
IIN = -18mA 
-1.5 
Volts 


CP 
-0.7 


CEm,CE" 
-1.8 


'z, 'e, 'N' 10VR 
-1.2 


IlL 
Input LOW Current 
Vee = MAX., 
'0.1,2, Ez, Ee, EN 
mA 
V,N = 0.5V 
EOVR' OEy, QECr, 
-0.45 


Cx, Yz, Ye, YN, YOVR 


SE, SIOo, SIOn, 
-1.35 


0100' 
OIOn 


CP, '0",2, 
Ez, Ee, 
20 


EN, EoVR' 0Ey, OEeT, 
Cx 


I'H 
Input HIGH Current 
Vee = MAX. 
CEm,CE" 
80 
"A 


VIN = 2.7V 
'z, 'e, 'N, 'OVR, SE 
60 


SIOo, SIOn, 
0100' 
OIOn 
110 


Yz,Ye, 
YN,YOVR 
70 


I, 
Input HIGH Current 
Vee 
= MAX., 
V'N = 5.5V 
1.0 
mA 


Vo = 2.4 
50 


CT 


Vo = 0.5 
-50 


10ZH 
Off State (High Impedance) 
SIOo, SIOn, SIOo, OIOn 
Vo = 2.4 
110 


'OZL 
Output 
Current 
Vee 
= MAX. 
(Note 4) 
Vo = 0.5 
-1350 
"A 


Yz, Ye, 
YN, YOVR 
Vo = 2.4 
70 


(Note 4) 
Vo = 0.5 
-450 


'os 


Output 
Short Circuit 
Current 
Vee = 5.75V, 
Vo = 0.5V 
-30 
-85 
mA 
(Note 3) 


TA = 25°C 
180 
296 


TA = O°Cto 
+70°C 
318 


Am2904PC, 
DC 


TA = +70°C 
262 
Power Supply 
Current 
'ce 
(Note 6) 
Vee 
= MAX. 
mA 


Te = ~55°C 
to +125°C 
346 


Am2904DM, 
FM 
Te = + 125°C 
220 


Notes: 
1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics 
for the applicable device type. 


2. Typical 
limits are at Vcc 
:::::5.QV, 25 


QC ambient and maximum 
loading. 
3. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 
5. ·"MIL" 
= Am2904 
XM, OM, FM. "COM'L" 
= Am2904 
XC, PC, DC. 
6. Worst case lee is at minimum temperature. 
7. These input levels provide zero noise immunity and should only be tested in a static. noise·free environment. 


SWITCHING 
CHARACTERISTICS 


The 
tables 
below 
define 
the 
Am2904 
switching 
characteristics. 
Tables 
A are 
set-up 
and 
hold 
times 
relative 
to the 
clock 
LOW-to- 
HIGH transition. 
Tables 
B are 
combinational 
delays. 
Tables 
C are 
clock 
requirements. 
All 
measurements 
are 
made 
at 1.SV 
with 
input 
levels 
at OV or 3V. All values 
are in ns. All outputs 
have 
maximum 
DC loading. 


TYPICAL 
ROOM TEMPERATURE 
CHARACTERISTICS 
(TA = 25°C, 
Vcc = S.0V, 
CL = SOpF) 


A. Set-up 
and 
Hold 
Times 
(ns) 
B. 
Combinational 
Delays 
(ns) 
C. 
Clock 
Requirements 
(ns) 


Input 
ts 
th 
From (Input) 
To (Output) 
tpd 
I 
Mini~um 
Clock LOW Time 
I 
10 
I 


Iz, IN, IOVR 
8 
2 
Iz 
Yz 
I 
Minimum 
Clock 
HIGH Time 
I 
10 
I 


IC (I, 1213" 001) 
20 
1 
Ie 
Ye 
27 


IN 
YN 
Ic (1, 12'3 ~ 001) 
8 
1 
IOVR 
YOVR 
D. 
Enable/Disable 
Times 
(ns) 


CEIL 
12 
0 
CP 
Yz, Ye, YN, YOVA 
38 
CL = 5.0pF 
for 
Output 
Disable 
Tests 


CEM 
16 
0 
I., Is 
Yz, Ye, YN, YOVA 
32 
From 
To 


Ez, Ec, EN, EOVR 
14 
0 
Iz, Ie, IN, IOVR 
CT 
35 
(Input) 
(Output) 
Enable 
Disable 


10.15 
29 
0 
CP 
CT 
43 
OEeT 
CT 
13 
10 


16.1,0 
30 
0 
10.15 
CT 
38 
SE 
SIOo, SIOn 
21 
8 


SE 
26 
0 
Cx 
Co 
13 


OIOo,OIOn 


Yz, Ye, YN, YOVR 
CP 
Co 
28 
1,0 
~~g;" 
SIOn 
30 
20 


(10.15~ LOW) 
9 
0 
I 
.010n 


SIOo, SIOn, 0100 
10 
1,,2.3,5,11,12 
Co 
28 
OEy - 


,",,"re, 
YN, YOVR 
16 
12 
0 
SIOn, OIOn 
SIOo 
17 
'0.1.>-.••....-:'ft, V{;. YN, YOVR 
23 
25 


SIOo, 0100 
SIOn 
16 


~'> 


Ie, IN, IOVA 
SIOn 
23 


SIOn, OIOn 
01°0 
18~ 


SIOo, 0100 
OIOn 
16 


CP 
SIOo, SIOn 
<:'X9 
0100' OIOn 


16.1,0 
SIOo,SI~~ 
~~' 
010o, \illti~ 
~ 
(~'" 
- 


.•••... 
t,CI\,,' 


GUARANTEED ROOM TEMPER~ 
AB 
GTERISITICS (T, = 25"C, V" 
= 5.0V, C, = SOpFI 


A. 


~~: 
SUbgroup 
9 Tests) 


C. 
Clock 
Requirements 
(ns) 
Set-up 
and 
Hold 
Times 
(ns) 
"'"' B. 
Co~6in 
tlO~al 
Delays 
(ns) 


Input 
ts 
th 
:~ 


Fr~ 
(Input) 
To (Output) 
tpd 
I 
Minimum 
Clock 
LOW Time 
I 
25 
I 


Iz, IN, IOVR 
15 
5 ~y 


Yz 
I 
Minimum 
Clock 
HIGH 
Time 
I 
25 
I 


Ie (I, 1213# 001) 
26 
5' 
Ye 
35 


-~S'\ 


YN 
Ie (I, 1213~ 001) 
15..••• 


.~ 


YOVR 
D. 
Enable/Disable 
Times 
(ns) 


CEIL 
~fll 
5 
C,. 
Yz, Ye, YN, YOVR 
46 
CL = 5.0pF 
for 
Output 
Disable 
Tests 


CEM 
/ 
•••• 
22 
~.Y" 
I., Is 
Yz, Ye, YN, YOVA 
43 
From 
To 


Ez,Ee,EN~ 
,2!J 
'5. 
Iz, Ie, IN, IOVR 
CT 
43 
(Input) 
(Output) 
Enable 
Disable 


10.15 
"" 
";)37 
V 
CP 
CT 
54 
OEeT 
CT 
20 
16 


16.110 
'. 
38 
0 
10"5 
CT 
47 
SE 
SIOo, SIOn 
29 
14 
SE 
':33 
0 
Cx 
20 
0100' OIOn 
Co 
Yz, Ye, YN, YOVR 
CP 
36 
1'0 
SIOo, SIOn 
38 
24 


(10.15~ LOW) 
15 
5 
Co 
OIOo,OIOn 


SIOo, SIOn, 0100 
17 
5 
I, ,2,3,5.11 
,12 
Co 
36 
OEy 
Yz, Ye, YN, YOVR 
22 
19 


SIOn, OIOn 
SIOo 
23 
10.15 
YZ, Ye, YN, YOVR 
38 
32 


SIOo, 0100 
SIOn 
23 


Ie, IN, IOVR 
SIOn 
30 


SIOn, OIOn 
01°0 
25 


SIOo, 0100 
OIOn 
22 


CP 
SIOo, SIOn 
37 
0100' OIOn 
- 


16.1'0 
SIOo, SIOn 
30 
0100' OIOn 


GUARANTEED 
CHARACTERISTICS 
OVER COMMERCIAL 
OPERATING 
RANGE 


(TA = O°Cto +70°C, VCC = 4.75V to 5.25V, CL = 50pF) 


B. Combinational 
Delays (ns) 
C. Clock Requirements (ns) 


From(Input) 
To (Output) 
tpd 
I 
Minimum 
Clock LOW Time 
I 
30 
I 


Iz 
Yz 
I 
Minimum 
Clock HIGH Time 
I 
30 
I 


Ie 
Ye 


IN 
YN 
IOVR 
YOVR 


CP 
Yz, Ye, YN. YOVR 


Iz. IN, 10VR 


Ie (I, 
12 13 ~ 001) 


Ie (I, 
1213 =I 001) 


CEI' 
I 


CEM 


Ez, Ee, EN,IEoVR 


10.15 


16.1'0 


SE 


Yz, Ye. YN, YOVR 
(10.15 ~ LO 
) 


510o, SIOn. 0100 


14, 15 


Iz, Ie, IN, IOVR 


CP 


10.15 


Cx 


CP 


11,2,3,5,11.12 


SIOn. OIOn 


510o, 0100 


Ie, IN, IOVR 


SIOn, OIOn 


510o, 0100 


Yz, Ye, YN, YOVR 


CT 


CT 


CT 


Co 


Co 


Co 


5100 


SIOn 


SIOn 


0100 


OIOn 


SIOo,SIOn 
010o, 
OIOn 


SIOo,SIOn 
010o, OIOn 


D. Enable/Disable 
Times (ns) 


CL = 5.0pF for Output Disable Tests 


From 
To 
(Input) 
(Output) 
Enable 
Disable 


OEeT 
CT 
23 
18 
- 
SIOo,SIOn 
34 
16 
SE 
0100, 
OIOn 


1'0 


SIOo,SIOn 
44 
33 
0100' 
OIOn 


OEy 
Yz, Ye, YN, YOVR 
28 
21 


10.15 
Yz, Ye, YN, YOVR 
43 
41 


50 


43 


48 


58 


50 


20 


37 


37 


25 


24 


~~\>.~ .• 


GUARANTEED 
CHARACTE~I 
t S 
~R MI~ TARY OPERATING 
RANGE 


(TC = -55°C t t«SZ, C 
4.5V to 5.5V, CL = 50pF) 


A. Set-up and Hold Times (ns) 
B. ~4-a~~ 
rt\il~t~ys (ns) 
C. Clock Requirements (ns) 


Input 
ts 
th 
From~qp"bti'"~~ 
(Qutput) 
tpd 
I 
Minimum 
Clock LOW Time 
I 
30 
I 


Iz, IN, IOVR 
17 
8 
Ij"~e 
'\ 
~ 
- 
40 
I 
Minimum 
Clock HIGH Time 
I 
30 
I 


Ie (1,1213'1001) 
28 
7 
.•• 
fil 
~ 
"'N 


1" 
...!O~Il~ 
"""" 
YOVR 
D. Enable/Disable Times (ns) 


Ie (1, 1213 ~ 001) 
18 
~ 
.LIil'CP 
.'V' 
Yz, Ye, YN, YOVR 
50 
CL = 5.0pF for Output Disable Tests 


CEI' 
;:o:..~) '-" j4},,' 
Yz, Ye, YN, YOVR 
43 
From 
To 


CE 


M 


I 
~~ 
A'~,"\i"",1{ Ie, IN, 10VR 
CT 
55 
(Input) 
(Output) 
Enable 
Disable 


~e, 
EN 1.L:..·",)-r 


6 
V 
CP 
CT 
67 
OECT 
CT 
25 
18 


EOVR 
~. 
4""'"~ 
10.15 
CT 
65 
SE 
SIOo,SIOn 
34 
16 


0100, OIOn 


10.15 
,,"" 
,48 
"0 
Cx> 
Co 
24 
SIOo,SIOn 


16.110 
"'~ 
44 
2 
CP 
Co 
38 
1,0 
010o, OIOn 


SE 
"'Iji'40 
0 
1,,2.3,5.11,'2 
Co 
43 
OEy 
Yz, Ye, YN, YOVR 


Yz, Ye, YN, YOVR 
18 
6 
SIOn, OIOn 
5100 
27 
10.15 
YZ, Ye, YN, YOVR 


(10-5 ~ LOW) 
510o, 0100 
SIOn 
27 


5100, SIOn, 
19 
6 
SIOn 
35 
010 
0 
Ie, IN, IOVR 


SIOn, OIOn 
0100 
28 


510o, 0100 
OIOn 
28 


SIOo,SIOn 
0100, OIOn 


SIOo,SIOn 
0100, OIOn 


<: 


"- 
DATA 
8US 
(16 
BITS) 
V 


~ 


I 
I 


y 
1...1 
16 
BITS 


INSTRUCTION 


REGISTER 
,.--- 
CT 
Co 
- 
BUS 
INTERFACE 
f 
- 
Cx 
Am2917A 


I 
r 
'c 
5100 
---., 
Am2904 
I 
r 
IOVR 
S/On 
---., 
V- 
'N 
0100 
---., 
16 
BITS 


V- 'z 
OIOn 
---., 


I 
~ '-- 


I 


OE~ 
'--- 
r-------- 


MAPPING 
13 
, 7 
" 
" 
" 
7- 


PROM 


'-- 
0 
0 
0 
0 
00 f--' 
°3 
°0 
°3 
°0 
°3 
°0 
0, 


'- 
RAM3 
RAMO 
RAM3 
RAMO 
RAM3 
RAMO 
RAMJ 
RAMO 
f-" 


OTHER rATUS 
-<G 
Co f------ 
r-< G 
Co f------.., 
r-< G 
Co --., 
~G 
Am2901 


-<p 
Am2901 
r-< p 
Am2901 
r-< 
P 
Am2901 
~P 
Co 
I---- 


r-- 
Cn+4 
- 
Cn+o( 
- 
Cn+4 
- 
Cn+4 


1,0-3 


°0-11 
M~I 
Am2922 
r-- 
OVR 
IO~8 r----, 
- 
OVR 
10-8 t------ 
- 
OVR 
10-8 
----., 
- 
OVR 
10-8 
t------ 


Am2910 
CONDITION 
I'-- '3 
AI-, 
- 
'3 
Ah 
- '3 
A 
- 
'3 
Ar- 


CC I 
CODE 


Pi: 
MUX 
" 


F:O 
SI-, 
I 


F:O 
SI-, 
I 


F=O 
S 
""" 
.., 
si-, 


y 
y 
y 
y 


j 
I 


MICROPROGRAM 
I 
- 
1 
1 


MEMORY 


4 
I 
~~ 


-+E 


PIPELINE 
I 


+SV 
I 
Am~mco~ 


REGISTER 
L 
~I 
4 


OPERAND 
I 
A,a 
8 


SELECT 
I / 


-----" 


t 


OTHER 


10-8/ 
9 
--' 
/ 


" 


MEMORY 
ADDRESS 
REGISTER 
Am2920 
I 
I 


MEMORY 
ADDRESS 
REGISTER 
Am2920 


A 
~)r 
~)r 
~)r 
~~ 
< 
ADDRESS 
BUS 
(16 
BITS) 
" 
V 


A 
" 
< 


DATA BUS (t6 
BITS) 
'l 


~- 


or 


~ 


I 
I 


y 
I A 
16 BITS 


INSTRUCTION 
,-- 
CT 
Co 
- 
REGISTER 
8US INTERFACE 
K 
- 
Cx 
Am2917A 
I" 
I 
- 


,Z 
5100 
----.. 
Am2904 
I I 
'C 
SIOn 
----.. 


'OVA 
0100 
----.. 
16 BITS 


'N 
olon 
----.. 
, 
4 
'-- 


I 


OEr- 


'---- 
------... 


MAPPING 
13 
7- 
'<; 
'<; 
7 
PROM 
-- 
DA 
DA 
DA 
DA 
--' 
"- 
0103 
C100 
0103 
0100 
0103 
0100 
0103 
0100 


"- 
5103 
5100 
SI03 
5100 
SI03 
5100 
SI03 
5100 --' 


OTHER STATUS 
Cn f-------, 
~G 
Cn ----., 
~G 
C, 
-----, 
,...--c 
G 
I 
Am2903 
~ 
p 
Am2903 
~p 
Am2903 
,...--c 
p 
Am2903 
Cn - 
'--- 
Cn+4 
- Cn+4 
- 
Cn+4 
- 
Cn+4 


1,0-3 


°0-11 
M~I 
Am2922 
'--- OVR 
'o-a I----- 
10-8 --.. 
10-8 ----.. 
la-a --.. 


Am2910 
CONDITION 
'--- 
N 
Ar- 
A 
A 
A 
•..•••• 


CC I 
CODE 
Pi: 
MUX 
Z 
"r- 
-z 
" 
-z 
" 
z 
" .....•• 
y 
y 
y 
y 
I 
, 


I 


MICROPROGRAM 
I 


MEMORY 


4 
I 
I 
~~ 


L+E 


PIPELINE 
I 


+5V 
I 
Am_\n~ 


REGISTER 
L 
L-J 
I 
4 


OPERAND 
A,S 
8 
-----' 
SELECT 
/ 
I 


OTHER 


'0-8 
• 
- 


~ 


MEMORY 
ADDRESS 
REGISTER 
Am2920 
I 
I 


MEMORY 
ADDRESS 
REGISTER 
Am2920 
I 
U 
U 
~} 
~> 
< 
ADDRESS 8US (18 BITSI 
or 


Am2905 


Distinctive 
Characteristics 


• 
Quad high-speed LSI bus-transceiver 


• 
Open-collector bus driver 
• 
Two-port input to Ootype register on driver 


• 
Bus driver output can sink 100 mA at 0.8V max. 


FUNCTIONAL 
DESCRIPTION 


The 
Am2905 
is a high-performance, 
low-power 
Schottky 


bus transceiver 
intended 
for bipolar 
or MOS microprocessor 
system 
applications. 
The 
device 
consists 
of 
four 
D-type 
edge-triggered 
flip-flops 
with 
a built-in 
two-input 
multi- 
plexer 
on each. The flip-flop 
outputs 
are connected 
to four 


open-collector 
bus drivers. 
Each bus driver is internally 
con- 
nected to qne input of a differential 
amplifier 
in the receiver. 
The four 
receiver 
differential 
amplifier 
outputs 
drive four 
Ootype latches that feature 
three-state 
outputs. 


This 
lSI 
~us transceiver 
is fabricated 
using advanced 
low- 
power 
Schottky 
processing. 
All inputs 
(except 
the BUS in- 
puts) 
are one lS 
unit 
load. The open-collector 
bus output 
can sink up to 100 mA at 0.8V 
maximum. 
The BUS input 


differential 
amplifier 
contains 
disconnect 
protection 
diodes 
such that the bus is fail-safe when power is not applied. 
The 
bus enable 
input 
(BE) is used to force the driver outputs 
to 
the 
high-impedance 
state. 
When 
BE is HIGH, the driver 
is 
disabled. 
The open-collector 
structure 
of the driver allows 
wired-OR 
operations 
to be performed 
on the bus. 
The 
input 
register 
consists 
of four 
Ootype flip-flops 
with a 
buffered 
c,?mmon 
clock 
and a two-input 
multiplexer 
at the 
input 
of each flip-flop. 
A common 
select input 
(S) controls 
the four 
multiplexers. 
When S is lOW, the Ai data is stored 
in the 
r~gister 
and when S is HIGH, the Bi data 
is stored. 
The 
buffered 
common 
clock 
(0 RCP) enters 
the data 
into 
this driver register on the lOW-to-HIGH 
transition. 


Oata from the A or B inputs 
is inverted 
at the BUS output. 


Likewise, 
data at the 
BUS input 
is inverted 
at the receiver 
output. 
Thus, 
data 
is non-inverted 
from 
driver 
input 
to 
receiver 
output. 
The 
four 
receivers 
each 
feature 
a built-in 


Ootype latch 
that 
is controlled 
from the buffered 
receiver 


latch enable 
(RlE) 
input. When the RlE 
input is lOW, the 
latch 
is open 
and the 
receiver 
outputs 
will follow 
the bus 
inputs 
(BUS data 
inverted 
and 
OE LOW). When the 
R LE 


input 
is HIGH, 
the 
latch 
will close and retain 
the present 


data regardless of the bus input. The four latches have three- 
state 
outputs 
and 
are 
controlled 
by a buffered 
common 
three-state 
control 
(OE) 
input. 
When 
OE 
is HIGH, 
the 
receiver outputs 
are in the high-impedance 
state. 


• 
Receiver has output latch for pipeline operation 


• 
Three-state receiver outputs sink 12 mA 


• 
Advanced low-power Schottky processing 


• 
100% reliability 
assurancetesting in compliance with 


MIL-STO-883 


13 


23 
DRCP 
R1 
10 


11 
Am290S 


R2 
I' 


12 
R3 
22 


BUS1 
BUS2 
BUS3 


17 
19 


Vcc 
=: Pin 
24 


GND, 
= Pin 6 


GND2 = Pin 18 


CONNECTION 
DIAGRAM 


Top View 


RLE 
2. 
Vcc 


RO 
23 
DRCP 


BO 
22 
R3 


AO 
21 
B3 


BUSo 
20 
A3 


GN01 
19 
BUS, 
Am2905 


BUS, 
18 
GND2 


Al 
17 
BUS2 


B1 
1. 
A2 


R1 
10 
15 
B2 


BE 
11 
I' 
R2 


DE 
12 
13 


O;~~~~ 
OACP 


BUS 


ENA8LE 
BE 


I 
MAXIMUM 
'3ATINGS 
(Above which the useful life may be impaired) 


Storage Temper~ture 


Temperature 
(Ambient) 
Under Bias 
Supply 
Voltage 
to Ground 
Potential 


DC Voltage 
AP1lied to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Cur?ent, 
Into Outputs 
(Except 
Bus) 


DC Output 
Cur~ent, 
Into Bus 


DC Input Curre~t 


ELECTRICAl 
CHARACTERISTICS 


The 
following 
con6itions 
apply 
unless 
otherwise 
noted: 


I 
0 
0 
Am2905XC(CO~'L) 
TA~O 
C:O+70 
C 
0 
VCCMIN.~4.75V 
VCCMAX.~5.25V 
Am2905xMIMIL/ 
TA~-55 
Cto+125 
C 
VCCMIN.~4.50V 
VCCMAX.~5.50V 


_65°C 
to +150°C 


-55°C 
to +125°C 


-O,5V 
to +7V 
-O,5V 
to +VCC max, 


-O.5V 
to +7V 


30mA 


200mA 


-30mA 
to +5.0mA 


BUS INPUT/OUTPUT 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


Typ. 


(Note 
2) 


tOL ~40mA 
0.32 
0.5 


VOL 
Bus Output 
LOW Voltage 
VCC ~ MIN. 
10L ~ 70mA 
OAl 
0.7 
Volts 


10L ~ 100mA 
0.55 
0.8 


Vo 
~ OAV 
-50 


10 
Bus Leakage 
Current 
VCC = MAX. 
Vo 
~ 4.5V 
I 
MIL 
200 
IJA 
I 
COM'L 
100 


'OFF 
Bus Leakage 
Current 
Vo 
~4.5V 
100 
IJA 


(Power OFF) 


VTH 
~~ceiver 
Input 
HI G H 
MIL 
2.4 
2.0 
Bus enable ~ 2AV 
Volts 
hreshold 
COM'L 
2.3 
2.0 


VTL 
,~ceiver 
Input 
LOW 
Bus enable ~ 2AV 
MIL 
2.0 
1.5. 


Volts 
hreshold 
COM'L 
2,0 
1.6 


The 
following 
conditions 
apply 
unless 
otherwise 
noted: 


Am2905XC 
(COM'L) 
T A = O°C 
to 
+70oC 
VCCMIN. 
= 4.75 
V 


Am2905XM 
MIL) 
T A = _55°C 
to 
+125°C 
VCCMIN. 
= 4.50V 
VCCMAX. 
= 5.25V 


VCCMAX. 
= 5.50V 


Receiver 
Output 
VCC = VIN 
MIL, 
10H = -1.0mA 
2.4 
3.4 


VOH 


VIN 
= VIL 
or VIH 


Volts 


HIGH 
Voltage 
COM'L, 
10H = -2.6mA 
2.4 
3.4 


10L =4mA 
0.27 
0.4 


VOL 
Receiver 
Output 
VCC = MIN. 


10L =8mA 
0.32 
0.45 
Volts 
LOW Voltage 
VIN 
= VIL 
or VIH 
. 


10L = 12mA 
0.37 
0.5 


VIH 


Input 
HIGH 
Level 
Guaranteed 
input 
logical HIGH 
2.0 
Volts 
(Except 
Bus) 
for all inputs 


Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
I MIL 
0.7 
VIL 
(Except 
Bus) 
for all inputs 
I COM'L 


Volts 
0.8 
i 


VI 
Input 
Clamp Voltage 
VCC = MIN., 
IIN = -18mA 
-1.5 
Volts 


(Except 
Bus) 


IlL 
Input 
LOW Current 
VCC = MAX., 
VIN 
= O.4V 
-0.36 
mA 
(Except 
Busl 


IIH 
Input 
HIGH 
Current 
'!CC = MAX., 
VIN 
= 2.7V 
20 
IJA 
(Except 
Bus) 


II 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 5.5V 
100 
IJA 
(Except 
Bus) 


Receiver Off·State 
I Vo 
= 2.4 V 
20 
10 
VCC = MAX. 
IJA 
Output 
Current 
IVo=O.4V 
-20 


ISC 
Receiver Output 
VCC = MAX. 
-12 
-65 
mA 
Short Circuit 
Current 


ICC 
Power Supply 
Current 
VCC = MAX., 
All 
inputs 
= GND 
69 
105 
mA 


Am2905XM 
Am2905XC 


Typ. 
Typ. 
Parameters 
Description 
Test Conditions 
Min. 
(No'e 
2) 
Max. 
Min. 
(No,e 
2) 
Max. 
Units 


tPHL 
21 
40 
21 
36 
Driver 
Clock 
(DRCP) 
to Bus 
ns 
tPLH 
CL (BUS) = 50pF 
21 
40 
21 
36 


tPHL 
RL (BUSI 
= 50n 
13 
26 
13 
23 
Bus Enable (BEl to Bus 
ns 
tpLH 
13 
26 
13 
23 


ts 
25 
23 
Data Inputs 
(A or B) 
ns 
th 
8.0 
7.0 


ts 
33 
30 


Select 
Input 
(S) 
ns 
th 
8.0 
7.0 


tpw 
Driver 
Clock 
(DRCP) 
Pulse Width 
28 
25 
ns 
(HIGH) 


tPLH 
Bus to Receiver 
Output 
18 
37 
18 
34 
ns 
tpHL 
(Latch 
Enablel 
CL = 15pF 
18 
37 
18 
34 


tPLH 
RL = 2.0kn 
21 
37 
21 
34 
Latch 
Enable to Receiver Output 
ns 
tpHL 
21 
37 
21 
34 


ts 
Bus to Latch 
Enable 
(RLE) 
21 
18 
ns 


th 
7.0 
5.0 


tZH 
14 
28 
14 
25 
Output 
Control 
to Receiver 
Output 
ns 


tZL 
14 
28 
14 
25 


'HZ 
14 
28 
14 
25 
O~tPut 
Control 
to Receiver Output 
ns 
tLZ 
14 
28 
14 
25 


Notes: 
1. 
For 
conqitions 
shown 
as MIN. 
or 
MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typical 
limits 
are at 
VCC 
= 5.0V. 
25°C 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of 
the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


BE - 3.3kf/. 
I 
IITE'-Skfl. 
OE •• 5kfl. 
A,B,S"'10kf/. 
I 
DRCP" 
10kn 
I 
BUS 


I 
I,D 


:--=J 


I 
I 


I 


Bus Output 
Low Voltage 


Versus Ambient 
Temperature 
'"':; 


'" 
1.0 
0 
':; 
> 
I 
0 
w 
> 
'" 
I 
0.8 
<: 
w 
':; 
'" 
0 
<:':; 
> 
0 
0.6 
~ 
> 
0 
>- 
~ 
.: 
0.4 
>- 
cr 
::> 
" 
0 
>- 


'" 


cr 
iil 
0.2 
w> 
, 
w 


-' 
~ 
0 
0 
> 
-55 -35 -15 5 
25 
45 
65 
85 105 125 
I 
>- 


TA 
- 
AMBIENT 
TEMPERATURE 
_ °c 
> 


\ 


Receiver Threshold 
Variation 
Versus Ambient 
Temperature 


2.5 
2.4 


2.3 


2.2 


2.1 


2.0 


1.9 


1.8 


1.7 


1.6 


1.5 
-55 -35 - 15 5 
25 45 65 85 105125 


T A - 
AMBIENT 
TEMPERATURE 
- °c 


I 
I 


I 
I 


VCC-5.5V! 
I 
1/ 


Vec z S.2SV 


_MIL r- vel·}75J-':: COM'L 


I' 


Vec - 4.5V 


I 
I 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
TO DEVICE 


S 
A; 
B, 
DRCP 
BE AU m: 
0; 
0; 
BUSj 
R; 


X 
X 
X 
X 
H 
X 
X 
X 
X 
Z 
X 


X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
Z 


X 
X 
X 
X 
H 
X 
L 
L 
H 


X 
X 
X 
X 
H 
X 
H 
H 
L 


X 
X 
X 
X 
X 
H 
X 
X 
NC 
X 
X 


L 
L 
X 
t 
X 
X 
X 
L 
X 
X 
X 


L 
H 
X 
t 
X 
X 
X 
H 
X 
X 
X 


H 
X 
L 
t 
X 
X 
X 
L 
X 
X· 
X 


H 
X 
H 
t 
X 
X 
X 
H 
X 
X 
X 


X 
X 
X 
L 
X 
X 
X 
NC 
X 
X 
X 


X 
X 
X 
H 
X 
X 
X 
NC 
X 
X 
X 


X 
X 
X 
X 
X 
X 
L 
X 
H 
X 


X 
X 
X 
X 
X 
X 
H 
X 
L 
X 


Ao, A1' A2, A3 
The 
"A" 
word 
data 
input 
into 
the 
two 
input 
multiplexer 
of the driver 
register. 


BO, B1' B2' B3 
The 
"B" 
word 
data 
input 
into 
the 
two 
input 
multiplexers 
of the driver 
register. 


Select. 
When 
the select input 
is LOW, the 
A data 
word 
is applied 
to 
the driver 
reg- 


ister. When 
the select 
input 
is HIGH, 
the 
B word 
is applied 
to the driver 
register. 


Driver 
Clock 
Pulse. 
Clock 
pulse 
for 
the 


driver 
register. 


Bus Enable. When the Bus Enable 
is HIGH, 
the four drivers 
are in the high impedance 


state. 


The 
four 
driver 
outputs 
and 
receiver 
in- 


puts (data is inverted). 


BUSo, BUS1 


BUS2. BUS3 


RO. R1. R2. R3 
The four 
receiver 
outputs. 
Data from 
the 
bus is inverted 
while 
data from 
the A or B 


inputs 
is non-inverted. 


Receiver 
Latch 
Enable. 
When 
R LE 
is 


LOW, 
data 
on the 
BUS 
inputs 
is passed 
through 
the 
receiver 
latches. 
When 
R LE 


is HIGH, 
the 
receiver 
latches 
are closed 
and 
will 
retain 
the 
data 
independent 
of 


all other 
inputs. 


Output 
Enable. 
When 
the 
OE 
input 
is 
HI GH, 
the 
four 
three 
state 
receiver 
out- 
puts are in the high-impedance 
state. 


Order the part number according to the table below to obtain the de- 
sired package. temperature range. and screening level. 


Package 
Operating 
Screening 


Order 
Type 
Range 
Level 


Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2905PC 
P-24 
C 
C-1 


AM2905DC 
D-24 
C 
C-1 


AM2905DC-B 
D-24 
C 
B-1 


AM2905DM 
D-24 
M 
C-3 
fJ 


AM2905DM-B 
D-24 
M 
B-3 


AM2905FM 
F-24-1 
M 
C-3 


AM2905FM-B 
F-24-1 
M 
B-3 


AM2905XC 
Dice 
C 
} 


Visual inspection 


AM2905XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP. F = Flat Pak. Number follow- 


ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix 
B contains several dash numbers, 
any of the 
variations of the package may be used unless otherwise specified. 


2. C = O°Cto +70°C, Vcc 
= 4.75V to 5.25V. 


M = -55°C 
to + 125°C. Vcc 
= 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 con- 


form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 
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Am2905 


BUS 


Vcc 


RB 
TEST 


50n 


POINT 


CB 
50pF 


IINOTE11 


RLE 


RO 


BO 


AO 


BUSO 


GND1 


BUS1 
A, 


B, 


R, 
'0 


BE 
11 


23 
DRCP 


22 
R.3 


2' 
B3 


20 
A3 
,. 
BUS3 


'8 
GND2 


17 
8US, 


'6 
A2 


15 
B2 
,. 
R2 


'3 


II 
I 


A 
CONTROL 
B 
'N 
CONTROL f-- 


AlU 
SCRATCHPAD 
- 


MASTER 
CONTROL 


OUT 
OUT 


I 


AO!RESS 
REMOTE 


Af'O 
OPERATION 
DATA 
ISPLAY 


I 
I 


A 
B 
CONTROL 
A 
B 
CONTROL 
A 
B 
CONTROL 


I 


Am2905 
Am2905 
Am2905 


R 
BUS 
R 
BUS 
R 
BUS 


I 
~ 


DATA 
ADDRESS 
CONTROL 
BUS 
BUS 
BUS 


The Am2905 
is a universal 
Bus Transceiver 
useful for many system data, address, 
control 
and 


timing input/output 
interfaces. 


Am2906 


Distinctive 
Characteristics 


• 
Quad high-speed LSI bus transceiver. 


• 
Open-collector bus driver. 
• 
Two-port input to D-type register on driver. 


• 
Bus driver output can sink 100 mA at 0.8V max. 
• 
Internal odd 4-bit parity checker/generator. 


The 
Am2906 
is a high-performance, 
low-power 
Schottky 


bus transceiver 
intended 
for bipolar 
or MOS microprocessor 


system 
applications. 
The 
device 
consists 
of four 
D-type 


edge-triggered 
flip-flops with a built-in two-input 
multiplexer 


on each. The flip-flop 
outputs 
are connected 
to four open- 


collector 
bus 
drivers. 
Each 
bus 
driver 
is internally 
con- 


nected to one input of a differential 
amplifier 
in the receiver. 


The four 
receiver 
differential 
amplifier 
outputs 
drive four 
D-type 
latches. 
The 
device 
also 
contains 
a four-bit 
odd 


parity 
checker/generator. 


This 
LSI bus transceiver 
is fabricated 
using advanced 
low- 


power Schottky 
processing. 
All inputs 
(except 
the 
BUS in- 


puts) 
are one 
LS unit load. The open-collector 
bus output 


can sink up to 100 mA at 0.8V 
maximum. 
The BUS input 


differential 
amplifier 
contains 
disconnect 
protection 
diodes 
such that the bus is fail-safe when power is not applied. 
The 


bus enable 
input 
(BE) is used to force the driver outputs 
to 
the 
high-impedance 
state. 
When 
BE is HIGH, the driver 
is 


disabled. 
The 
open-collector 
structure 
of the driver 
allows 
wired-OR 
\lperations 
to be performed 
on the bus. 


The 
input 
register 
consists 
of four 
D-type 
flip-flops 
with a 
buffered 
common 
clock and a two-input 
multiplexer 
at the 


input 
of eqch flip-flop. 
A common 
select input 
(S) controls 


the four 
multiplexers. 
When S is LOW, the Ai data is stored 
in the 
register 
and when 
S is HIGH, the 
Bi data 
is stored. 


The 
buffered 
common 
clock 
(D RCP) enters 
the data 
into 
this driver register on the LOW-to-HIGH 
transition. 


Data from the A or B input 
is inverted 
at the BUS output. 


Likewise, 
data at the BUS input 
is inverted 
at the receiver 


output. 
Thus, 
data 
is non-inverted 
from 
driver 
input 
to 


receiver 
outp·ut. 
The four 
receivers 
each 
feature 
a built-in 
D-type 
latch that 
is controlled 
from the buffered 
receiver 


latch enable 
(RLE) input. When the RLE input 
is LOW, the 
latch 
is open 
and the 
receiver 
outputs 
will follow 
the bus 


inputs 
(BUS data 
inverted). 
When the 
R LE input 
is HIGH, 


the latch will close and retain the present 
data regardless 
of 


the bus input. 


The Am2906 
features 
a built-in four-bit 
odd parity 
checker/ 
generator. 
The bus enable 
input 
(BE) controls 
whether 
the 


parity 
output 
is in the generate 
or check 
mode. 
When the 
bus enable 
is LOW (driver enabled), 
odd parity 
is generated 


based on the A or B field data 
input 
to the driver register. 


When BE is HIGH, the parity 
output 
is determined 
by the 
four 
latch outputs 
of the receiver. 
Thus, 
if the driver is en~ 


abled, 
parity 
is generated 
and 
if the 
driver 
is in the high- 


impedance 
state, the BUS parity 
is checked. 


• 
Receiver has output latch for pipeline operation. 
• 
Receiver outputs sink 12 mA. 


• 
Advanced low-power Schottky processing. 


• 
100% reliability 
assurancetesting in compliance with 
MIL-STD-883. 


, 
3 
8 
9 I. '5 
20 
2' 


13 
000 
12 


AO 


23 
DRCP 


Am2906 
A, 
'0 


11 
BE 
A2 
14 


ALE 
A3 
22 


17 
19 


Vcc 
= Pin 24 


GND, 
= Pin 6 


GND2 
= Pin 
18 
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BO 
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A3 
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B3 


BUSO 
20 
A3 
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Am2906 


BUS! 
18 
GND2 


A, 
17 
BUS2 


B, 
I. 
A2 


A, 
'0 
'5 
B2 


BE 
11 
14 
A2 


ODD 
'2 
'3 


SELECT 


~~~~~R 
ORO' 


~~~BLE 
BE 


MAXIMUM 
RATINGS 
(Above which the useful life may be irupaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage Applied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
Bus) 


DC Output 
Current, 
Into Bus 


DC Input Cur~ent 


The 
following 
conditions 
apply 
unless 
otherwise 
noted: 


Am2906XC 
(COM'L) 
TA ~ OoC to +70oC 
VCC MIN. 
= 4.75V 
Am2906XM(MIL) 
TA=-55°CtO+125°C 
VCCMIN.~4.50V 


_65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 
-O.5V 
to +VCC max. 


-O.5V 
to +5.5V 


30mA 


200mA 


-30mA 
to +5.0mA 


BUS INPUT/OUTPUT 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
Typ. 
Parameters 
Description 
Test Conditions 
(Note 
1) 
Min. 
(Note 
2) 


10L = 40mA 
0.32 
0.5 


VOL 
Bus Output 
LOW Voltage 
10L = 70mA 
0.41 
0.7 
Volts 


10L = 100mA 
0.55 
0.8 


Vo 
~ OAV 
-50 


10 
Bus Leakage 
Current 
VCC ~ MAX. 
Vo 
= 4.5V 
MIL 
200 
p.A 


COM'L 
100 


'OFF 
Bus Leakage 
Current 
Vo 
~ 4.5V 
100 
p.A 


(Power OFF) 


VTH 
Receiver 
Input 
HI G H 
MIL 
2.4 
2.0 


Threshold 
8us enable ~ 2AV 
Volts 
COM'L 
2.3 
2.0 


VTL 
Receiver 
Input 
LOW 
Bus enable ~ 2AV 
MIL 
2.0 
1.5 


Threshold 
Volts 


COM'L 
2.0 
1.6 


The 
followinQ 
conditions 
apply 
unless 
otherwise 
noted: 


Am2906XC(COM'L) 
TA~OOCtO+70oC 
VCCMIN.~4.75V 
Am2906XM 
(MIL) 
TA ~ _55°C 
to +125°C 
VCC MIN. 
4.5V 


Receiver 
Output 
VCC ~ MIN. 
MIL 
IOH ~-lmA 
2.4 
3.4 


HIGH 
Voltage 
VIN 
~ VIL 
or VIH 
COM'L 
IOH = -2.6mA 
2.4 
3.4 


VOH 
Volts 


Parity 
Output 
VCC = MIN., 
IOH ~ -6601lA 
MIL 
2.5 
3.4 


HIGH 
Voltage 
VIN = VIH 
or VIL 
COM'L 
2.7 
3.4 


IOL = 4mA 
0.27 
0.4 


VOL 
Output 
LOW Voltage 
VCC ~ MIN. 


IOL ~ 8mA 
0.32 
0.45 
Volts 
(Except 
8us) 
VIN 
~ VIL 
or VIH 
IOL = 12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 


(Except 
Bus) 
for 
all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
MIL 
0.7 
Volts 


(Except 
Bus) 
for all inputs 
COM'L 
0.8 


VI 
Input 
Clamp 
Voltage 
VCC ~ MIN., 
IIN ~ -18mA 
-1.2 
Volts 


(Except 
Bus) 


IlL 
Input 
LOW Current 
VCC ~ MAX" 
VIN = O.4V 
-0.36 
mA 


(Except 
Bus) 


IIH 
Input 
HIGH 
Current 
VCC ~ MAX., 
VIN 
~ 2.7V 
20 
IlA 


(Except 
Bus) 


II 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
~ 5.5V 
100 
IlA 
(Except 
Bus) 


ISC 
Output 
Short 
Circuit 
Current 
VCC = MAX. 
-12 
-65 
mA 
(Except 
Bus) 


ICC 
Power Supply 
Current 
VCC = MAX., 
All 
inputs 
~ GNO 
72 
105 
mA 


Am2906XM 
Am2906XC 
Typ. 
Typ. 


Parameters 
Description 
Test Conditions 
Min. 
(Note 
2) 
Max, 
Min. 
(Not. 
2) 
Max. 
Units 


tpHL 
21 
40 
21 
36 
Driver 
Clock 
(DRCP) 
to Bus 
ns 
tpLH 
CL (BUS) = 50pF 
21 
40 
21 
36 


tpHL 
Bus Enable (BE) to Bus 


RL (BUS) = 50n 
13 
26 
13 
23 


ns 
tpLH 
13 
26 
13 
23 


ts 
25 
23 


Data Inputs 
(A or B) 
ns 
th 
8.0 
7.0 


ts 
33 
30 


Select Inputs 
(S) 
ns 
th 
8.0 
7.0 


tpw 
Clock 
Pulse Width 
(HIGH) 
28 
25 
ns 


tPLH 
Bus to 
Receiver 
Output 
18 
37 
18 
34 


ns 
tpHL 
(Latch 
Enabled) 
18 
37 
18 
34 


tPLH 
21 
37 
21 
34 


Latch 
Enable 
to 
Receiver 
Output 
CL ~ 15pF 
ns 


tpHL 
21 
37 
21 
34 


ts 


RL = 2.0kn 


21 
18 


Bus to Latch 
Enable (RLE) 
ns 
th 
7.0 
5.0 


tpLH 
A or B Data to Odd Parity 
Output 
21 
40 
21 
36 


(Driver 
Enabled) 
ns 
tpHL 
21 
40 
21 
36 


tPLH 
8us to Odd Parity 
Output 
21 
40 
21 
36 


(Driver 
Inhibited, 
Latch 
Enabled) 
ns 
tpHL 
21 
40 
21 
36 


tPLH 
Latch 
Enable 
(ALE) 
to 
21 
40 
21 
36 


Opd Parity 
Output 
ns 
tpHL 
21 
40 
21 
36 


Notes: 
1. 
For 
conditions 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typicallirnits 
are 
at VCC::: 
5.0V, 
25°C 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 
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8-11 


BITS 
4-7 


1NPUP 


INTERNAL 
BUS 
OUTPUT 
TO DEVICE 


S 
Ai 
Bi 
DRCP 
BE 
RTI 
DE 
Di 
Qi 
BUSi 
Ri 


X 
X 
X 
X 
H 
X 
X 
X 
X 
Z 
X 


X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
Z 


X 
X 
X 
X 
H 
L 
X 
L 
L 
H 


X 
X 
X 
X 
H 
L 
X 
H 
H 
L 


X 
X 
X 
X 
X 
H 
X 
X 
NC 
X 
X 


L 
L 
X 
t 
X 
X 
X 
L 
X 
X 
X 


L 
H 
X 
t 
X 
X 
X 
H 
X 
X 
X 


H 
X 
L 
t 
X 
X 
X 
L 
X 
X 
X 


H 
X 
H 
t 
X 
X 
X 
H 
X 
X 
X 


X 
X 
X 
L 
X 
X 
X 
NC 
X 
X 
X 


X 
X 
X 
H 
X 
X 
X 
NC 
X 
X 
X 


X 
X 
X 
X 
L 
X 
X 
L 
X 
H 
X 


X 
X 
X 
X 
L 
X 
X 
H 
X 
L 
X 


Ao, A" A2, A3 
The 
"A" 
word 
data 
input 
into 
the 
two 
input 
multiplexer 
of the driver 
register. 


BO, B" 
B2' B3 
The 
"B" 
word 
data 
input 
into 
the 
two 
input 
multiplexers 
of the driver 
register. 


Select. 
When 
the select input 
is LOW, the 
A data 
word 
is applied 
to the 
driver 
reg- 
ister. When 
the select 
input 
is HIGH, 
the 
B word 
is applied 
to the driver 
register. 


Driver 
Clock 
Pulse. 
Clock 
pulse 
for 
the 
driver 
register. 


Bus Enable. When the Bus Enable is HIGH, 
the four drivers 
are in the high impedance 


state. 


The 
four 
driver 
outputs 
and 
receiver 
in- 
puts (data is inverted). 


BUSo, BUS, 


BUS2' BUS3 


RO, R" 
R2, R3 
The. four 
receiver 
outputs. 
Data 
from 
the 
bus is inverted 
while 
data from 
the A or B 


inputs 
is non-inverted. 


Receiver 
Latch 
Enable. 
When 
R LE 
is 
LOW, 
data 
on 
the 
BUS 
inputs 
is passed 
through 
the 
receiver 
latches. 
When 
R LE 


is HIGH, 
the 
receiver 
latches 
are closed 
and 
will 
retain 
the 
data 
independent 
of 


all other 
inputs. 


Output 
Enable. 
When 
the 
OE 
input 
is 
HIGH, 
the 
four 
three 
state 
receiver 
out- 
puts are in the high-impedance 
state. 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 
Operating 
Screening 


Order 
Type 
Range 
Level 


Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2906PC 
P-24 
C 
C-l 


AM2906DC 
0-24 
C 
C-l 


AM2906DC-8 
0-24 
C 
B-1 


AM2906DM 
0-24 
M 
C-3 


AM2906DM-8 
0-24 
M 
8-3 


AM2906FM 
F-24-1 
M 
C-3 


AM2906FM-8 
F-24-1 
M 
8-3 


AM2906XC 
Dice 
C 
} 


Visual inspection 


AM2906XM 
Dice 
M 
to MIL-STD-BB3 
Method 20108. 


Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number follow- 


ing letter is number of leads. See Appendix 8 for detailed outline. 
Where Appefldix 
8 contains 
several dash numbers, 
any of the 


variations of the package may be used unless otherwise specified. 


2. C = O°Cto + 70°C, Vcc = 4.75V to 5.25V. 


M = -55°C 
to +125°C, Vcc = 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-l 
and C-3 con- 


form to MIL-STD-BB3, Class C. Level 8-3 conforms to MIL-STD- 
BB3, Class 8. 


c. 
5Op' 


IINOTE 
1) 


'cc 


RLE 
1 


2. 
23 
DRCP 


RO 
2 
22 
R3 


·0 
3 
2' 
·3 


'0 
20 
'3 


BUSO 
I. 
BUS3 


GND1 • 
18 
GND2 


BUS, 
17 
.us, 


A, 
I. 
A2 


B, • 
" 


B2 


R, 
10 


" 


R2 


BE 
11 
12 
'3 
S 


ODD 


DIE SIZE O.OBO"X 0.130" 


Am2907· Am2908 
Quad Bus Transceivers 
with Interface 
Logic 


Distinctive 
Characteristics 


• Quad high-speed LSI bus-transceiver 


• 
Open-collector bus driver 


• 
D-type register on driver 


• 
Bus driver output can sink 100mA at 0.8V max. 


• 
Internal odd 4-bit parity checker/generator 


FUNCTIONAL 
DESCRIPTION 


The Am2907 
and Am2908 
are high-performance 
bus trans- 
ceivers intended for bipolar or MaS microprocessor system ap- 
plications. The Am2908 is Digital Equipment Corporation "Q or 
LSI-II bus compatible" while the Am2907 features a 2.0V receiver 
threshold. These devices consist of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four open-col- 
lector bus drivers. Each bus driver is internally connected to one 
input of a differential amplifier in the receiver. The four receiver 
differential amplifier outputs drive four D-type latches, that feature 
three-state outputs. The devices also contain a four-bit odd parity 
checker/generator. 


These 
LSI bus transceivers 
are fabricated 
using advanced 
low-power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector 
bus output can 
sink up to 100mA at O.8V maximum. The BUS input differential 
amplifier contains disconnect 
protection diodes such that the 
bus is fail-safe when power is not applied. The bus enable 
input (BE) is used to force the driver outputs to the high-impe- 
dance state. When BE is HIGH, the driver is disabled. The 
open-collector 
structure of the driver allows wired-OR opera- 
tions to be performed on the bus. 


The input register consists of four D-type flip-flops with a buf- 
fered common clock. The buffered common clock (DRCP) en- 
ters the Ai data into this driver register on the LOW-to-HIGH 
transition. 


Data from the A input is inverted at the BUS output. Likewise, 
data at the BUS input is inverted at the receiver output. Thus, 
data is non-inverted form driver input to receiver output. The 
four receivers each feature a built-in D-type latch that is con- 
trolled 
from the buffered 
receiver 
latch enable 
(RLE) input. 


When the RLE input is LOW, the latch is open and the receiver 
outputs will follow the bus inputs (BUS data inverted and OE 
LOW). When the RLE input is HIGH, the latch will close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs and are controlled 
by a buf- 
fered 
common 
three-state 
control 
(0E) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 


The Am2907 and Am2908 feature a built-in four-bit odd parity 
checker/generator. 
The bus enable input (BE) controls whether 
the parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch out- 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance 
state, the 
BUS parity is checked. 


The Am2907 has receiver 
threshold typically of 2.0V While the 
Am2908 thre~hold is typically 1.5V. 


• 
Am2907 has 2.0V input receiver threshold; Am2908 is 
"DEe Q or LSI-II bus compatible" with 1.5V receiver 
threshold 


• 
Receiver has output latch for pipeline operation 


• Three-state receiver outputs sink 12mA 
• Advanced Low-power Schottky processing 
• 
100% reliability assurance testing in compliance with 
MIL-STD-883 


Am2907 
Am2908 


vcc 
= Pin 20 
GND, 
= Pin 5 
GND2 = Pin 15 


CONNECTION 
DIAGRAM 
Top View 


m 
Vcc 


DRCP 


R3 


·3 


BUSJ 


~D, 


BU$2 


" 
R, 


DE 


DRIVER 
CLOCK 
DRCP 


~~S BlE 
BE 


MAXIMUM 
RATINGS 
(Above 
which 
the 
useful 
life 
may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for 
HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into 
Outputs 
(Except 
BUS) 


DC Output 
Current, 
Into Bus 


DC Input 
Current 


-65°C 
to +150°C 


_55°C 
to +125°C 


-0.5 V to +7 V 


-0.5 
V to +VCC 
max. 


-0.5 
V to +5.5 V 


30mA 


200 mA 


-30 
mA to +5.0 mA 


ELECTRIGAL 
CHARACTERISTICS 


The following 
conditions 
apply 
unless 
otherwise 
noted: 


Am2907XC, Am2908XC (COM'L) 
TA = O'C to +70'C 
Vcc 
MIN. = 4.75V 
Vcc 
MAX. ~ 5.25V 


Am2907XM, Ain2908XM (MIL) 
TA = -55'C 
to +125'C 
Vcc 
MIN. = 4.50V 
Vcc 
MAX. = 5.50V 


BUS INPUT/OUTPUT 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


Typ. 
Parameters 
Description 
Test Conditions (Note 1) 
Min. 
(Note 2) 
Max. 
Units 


10L = 40mA 
0.32 
0.5 


VOL 
Bus Output LOW Voltage 
Vcc 
= MIN. 
10L = 70mA 
0.41 
0.7 
Volts 


10L - 
100mA 
0.55 
0.8 


Vo = O.4V 
-50 


10 
Bus Leakage Current 
Vcc 
= MAX. 
MIL 
200 
f.£A 


Vo = 4.5V 
COM'L 
100 


10FF 
Bus Leakage Current (Power Off) 
Vo = 4.5V 
100 
f.£A 


MIL 
2.4 
2.0 


Am2907 


COM'L 
2.3 
2.0 


VTH 
Receiver Input HIGH Threshold 
Bus Enable = 2.4V 
Volts 


MIL 
1.9 
1.5 


Am2908 


COM'L 
1.7 
1.5 


MIL 
2.0 
1.5 
Am2907 


Vn 


COM'L 
2.0 
1.6 
Receiver Input LOW Threshold 
Bus Enable = 2.4V 
Volts 


MIL 
1.5 
1.1 


Am2908 


COM'L 
1.5 
1.3 


VI 
Input Clamp Voltage 
Vcc 
= MIN., IIN = -18mA 
-1.2 
Volts 


ELECTRIC~L CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2907XC, 
Am2908XC 
(COM'Ll 
TA = O°C to +70°C 
Vcc 
MIN. = 4.75V 
Vcc 
MAX. = 5.25V 


Am2907XM, 
Am2908XM 
(MIL) 
TA = -55°C 
to +125°C 
Vcc 
MIN. = 4.50V 
Vcc 
MAX. = 5.50V 


DC CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


Receiver 
VCC ~ MIN. 
MIL: 
IOH~-1mA 
2.4 
3.4 


VOH 
Volts 
Output 
HIGH 
Voltage 
VIN 
= VIL 
or VIH 
COM'L: 
IOH - -2.6mA 
2.4 
3.4 


Parity 
VCC - MIN., 
IOH - -660/-LA 
I MIL 
2.5 
'3.4 


VOH 
I COM'L 


Volts 
Output 
HIGH 
Voltage 
VIN 
= VIH 
or VIL 
2.7 
3.4 


10L - 
4mA 
0.27 
0.4 


VOL 
Output 
LOW Voltage 
VCC = MIN. 


10L = 
8mA 
0.45 
Volts 
(Except 
8us! 
VIN 
= VIL 
or VIH 


0.32 


10L - 
12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 


(Except 
Bus) 
2.0 
Volts 
for all inputs 


Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
I MIL 
0.7 
VIL 
Valts 
(Except 
Bus! 
for all inputs 
I COM'L 
0.8 


VI 
Input 
Clamp 
Voltage 
VCC = MIN., 
IIN = -IBmA 
-1.2 
Volts 
(Except 
Bus) 


IlL 
Input 
LOW Current 
VCC ~ MAX., 
VIN 
~ 0.4 V 
-0.36 
mA 
(Except 
Bus) 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 2.7 V 
20 
/-LA 
(Except 
Bus) 


'11 
(nput HIGH 
Current 
VCC = MAX., 
VIN 
= 5.5 V 
100 
/-LA 
(Except 
Bus) 


ISC 
Output 
Short 
Circuit 
VCC = MAX. 
-12 
-65 
mA 
Current 
(Except 
Bus) 


ICC 
Power 
Supply 
Current 
VCC = MAX., 
All 
Inputs 
= GND 
75 
110 
mA 


Oft-State 
Output 
Current 
Vo 
- 2.4 V 
20 
'0 
(Receiver 
Outputs) 
VCC = MAX. 
Vo 
- 0.4 V 
-20 
/-LA 


OVER OPERATING 
TEMPERATURE 
RANGE 
Am2907XM 
Am2907XC 


Typ. 
Typ. 
Parameters 
Description 
Test 
Conditions 
Min. 
(Note 
2) 
Max. 
Min. 
(Note 
2) 
Max. 
Units 


tpHL 
21 
40 
21 
36 
Driver 
Clock 
IDRCPI 
to Bus 
ns 
tPLH 
CL (BUS) 
= 50pF 
21 
40 
21 
36 


tpHL 
Bus Enable 
(BE) to Bus 
RL (BUS) 
~ 50n 
13 
26 
13 
23 
ns 
tpLH 
13 
26 
13 
23 


ts 
18 
15 
Data Inputs 
ns 
th 
8.0 
7.0 


tpw 
Clock 
Pulse Width 
(HIGH! 
28 
25 
ns 


tpLH 
Bus to Receiver 
Output 
18 
37 
18 
34 


(Latch 
Enabled) 
ns 
tpHL 
18 
37 
18 
34 


tPLH 
21 
37 
21 
34 


Latch 
Enable 
to Receiver 
Output 
ns 
tpHL 
21 
37 
21 
34 


ts 
CL = 15pF 


Bus to Latch 
Enable 
(RLE) 
RL = 2.0kn 
21 
18 
ns 
th 
7.0 
5.0 


tPLH 
Data to Odd ParitY Out 
21 
40 
21 
36 


(Driver 
Enabled) 
ns 
tpHL 
21 
40 
21 
36 


tpLH 
Bus to Odd Parity 
Out 
21 
40 
21 
36 


(Driver 
Inhibit) 


ns 
tPHL 
21 
40 
21 
36 


tpLH 
Latch 
Enable 
(R LE) to Odd 
21 
40 
21 
36 


Parity 
Output 
ns 
tPHL 
21 
40 
21 
36 


tZH 
14 
28 
14 
25 
Output 
Control 
to Output 
ns 
tZL 
14 
28 
14 
25 


'HZ 
CL = 5.0pF 
14 
28 
14 
25 
Output 
Control 
to Output 
ns 
tLZ 
RL = 2.0kn 
14 
28 
14 
25 


Notes: 
1. 
For .C01dit;~ns 
shown 
as MIN. 
or MAX 
.• use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 
2. 
Typical 
limits 
are at VCC = 5.DV. 
2SoC 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test should 
not 
exceed 
one 
second. 


Am2907 
• Am2908 


Am2908 
SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
Am2908XM 
Am2908XC 


Typ. 
Typ. 
Parameters 
Description 
Test Conditions 
Min. 
(Note 2) 
Max. 
Min. 
(Note 2) 
Max. 
Units 


tpHL 
21 
40 
21 
36 
Driver Clock (DRCP) to Bus 
ns 
tpLH 
21 
40 
21 
36 


tpHL 
Bus Enable (BE) to Bus 
13 
26 
13 
23 


CdBUS) 
= 50pF 
ns 
tpLH 
13 
26 
13 
23 


tr 
Bus Output Rise Time 
RdBUS): 
910 to 
10 
Vcc 
5 
10 
7 


ns 


tf 
Bus Output Fall Time 
2000 to GND 
3 
6 
4 
6 


ts 
18 
15 
Data Inputs 
ns 
th 
8.0 
7.0 


tpw 
Clock Pulse Width (HIGH) 
28 
25 
ns 


tpLH 
Bus to Receiver Output 
18 
38 
18 
35 


(Latch Enabled) 
ns 
tpHL 
18 
38 
18 
35 


tpLH 
CL = SOpF 
21 
38 
21 
35 
Latch Enable to Receiver Output 
ns 
tPHL 
RL = 2.0kO 
21 
38 
21 
35 


ts 
Bus to Latch Enable (RLE) 
21 
18 


ns 
th 
7.0 
5.0 


1PLH 
Data to Odd Parity Out 
21 
40 
21 
36 
ns 
tpHL 
(Driver Enabled) 
21 
40 
21 
36 


tpLH 
Bus to Odd Parity Out 
21 
40 
21 
36 


(Driver Inhibit) 
ns 
tpHL 
CL = 15pF 
21 
40 
21 
36 


tpLH 
Latch Enable (RLE) to Odd 
RL = 2.0kO 
21 
40 
21 
36 


Parity Output 
ns 
tpHL 
21 
40 
21 
36 


tZH 
14 
28 
14 
25 
Output Control to Output 
ns 
tZL 
14 
28 
14 
25 


tHZ 
CL = 5.0pF 
14 
28 
14 
25 
Output Control to Output 
ns 
tLZ 
RL = 2.0kO 
14 
28 
14 
25 


Notes: 
1. For conditions 
shown as MIN. or MAX., use the appropriate 
value specified 
under Electrical 
Characteristics 
fo the applicable 
device type. 


2. Typical limits are at Vcc 
= 5.0V, 25°C ambient 
and maximum 
loading. 


Am2907 
Am2908 
Package Type 
Operating 
Range 
Screening 
Level 


Order Number 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2907PC 
AM2908PC 
P-20 
C 
C-l 
AM2907DC 
AM2908DC 
0-20 
C 
C-l 
AM2907DC-B 
AM2908DC-B 
0-20 
C 
6-1 
AM2907DM 
AM2908DM 
0-20 
M 
C-3 
AM2907DM-6 
AM2908DM-B 
0-20 
M 
B-3 
AM2907FM 
AM2908FM 
F-20 
M 
C-3 
AM2907FM-B 
AM2908FM-B 
F-20 
M 
B-3 


AM2907XC 
AM2908XC 
Dice 
C 
} 
Visual inspection 


AM2907XM 
AM2908XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded 
DIP, 0 = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
B for detailed 
outline. 


Where Appendix 
B contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 


2. C = O°C to +70°C, Vcc = 4.75V to 5.25V, M = -55°C 
to +125°C, Vcc 
= 4.50V to 5.50V. 


3. See Appendix 
A for details of screening. 
Levels C-l 
and C-3 conform to MIL-STD-883, 
Class C, Level B-3 conforms 
to MIL-STD-883, 


Class B. 


Bus Output 
Low Voltage 


Versus Ambient 
Temperature 


1.0 
'"~ 
o>, 
w"'"~ 
o 
0.6 
> 
l- 
ii' 
I- 
::>o 
'"iil, 
-'o 
> 
o 
-55 -35 -15 5 
25 45 65 85 105 125 


TA - 
AMBIENT 
TEMPERATURE 
- °c 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


Am2907 
Receiver 
Threshold 
Variation 
Versus Ambient 
Temperature 


2.5 


2.4 


Am2908 


Receiver Threshold 
Variation 


~ 
Versus Ambient 
Temperature 


~ 
2.0 


~ 
1.9 
" 
<{ 
1.8 
~ 
o 
1.7 
> 
'3o 
~ 
'"I- 
<rw 
~~ 
<r, 
I- 
> 


1.6 


1.5 
COM'L 


1.4 


1.3 


1.2 


1.1 


BE'03.3kf2 
I 
RLE·5kU 
O'E-SkO 
A.8.S-10kfl: 
I 


ORCP •• 10kn 


I 
I 
1'0 
IJ 


I 
I 
I 


2.3 


2.2 


2.1 


2.0 
COM'L 


1.9 


1.8 


1.7 


1.6 


1.5 
-55 
-35-155 
25 
45 
65 
85105125 


T A - 
AMBIENT 
TEMPERATURE 
_ °c 


\ 
f 


I 


.'"'~ 


~30V 


--1.3V 


OV 
r--\ 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
TO DEVICE 
FUNCTION 


Ai 
DRCP 
BE 
RLE 
OE 
OJ 
OJ 
Bj 
Rj 


X 
X 
H 
X 
X 
X 
X 
H 
X 
Driver output 
disable 


X 
X 
X 
X 
H 
X 
X 
X 
Z 
Receiver output 
disable 


X 
X 
H 
L 
L 
X 
L 
L 
H 
Driver output 
disable and receive data 


X 
X 
H 
L 
L 
X 
H 
H 
L 
via Bus jnput 


X 
X 
X 
H 
X 
X 
NC 
X 
X 
Latch received data 


L 
t 
X 
X 
X 
L 
X 
X 
X 


H 
t 
X 
X 
X 
H 
X 
X 
X 
Load driver register 


X 
L 
X 
X 
X 
NC 
X 
X 
X 
No driver clock restrictions 
X 
H 
X 
X 
X 
NC 
X 
X 
X 


X 
X 
L 
X 
X 
L 
X 
H 
X 
Drive Bus 
X 
X 
L 
X 
X 
H 
X 
L 
X 


Z = High Impedance 
X = Don't 
Care 
NC = No Change 
t = LOW-to-HIGH 
Transition 


BE 
ODD PARITY 
OUTPUT 


L 
ODD = AO Ell A, 
Ell A2 
Ell A3 


H 
ODD = 00 
Ell 0, 
Ell 02 
Ell 03 


DRCP 
Driver Clock Pulse. Clock pulse for the driver register. 


BE 
Bus 
Enable. 
When 
the 
Bus 
Enable 
is HIGH, 
the 
four 


drivers 
are in the 
high impedance 
state. 


BUSo, 
BUS" 
BUS2, 
BUS3 
The 
four 
driver 
outputs 
and 


receiver inputs 
(data is inverted). 


RLE 
1 


"0 
2 


Ro, R" 
R2, 
R3 
The 
four 
receiver 
outputs. 
Data 
from the 


bus is inverted 
while data from the A inputs 
is non·inverted. 


RLE 
Receiver 
Latch 
Enable. When RLE is LOW, data on the 


BUS inputs 
is passed through 
the receiver 
latches. 
When R LE 


is HIGH, 
the 
receiver 
latches 
are closed 
and will retain 
the 


data independent 
of all other 
inputs. 


ODD 
Odd 
parity 
output. 
Generates 
parity 
with 
the 
driver 


enabled, 
checks 
parity 
with 
the driver 
in the high-impedance 


state. 


OE 
Output 
Enable. 
When the 
OE input 
is HIGH, 
the four 


three-state 
receiver 
outpU!S are in the 
high-impedance 
state. 


Am2907/08 
SWITCHING 
WAVEFORMS 
AND LOAD TEST CIRCUITS 


\_-- 


OV 


3V 


OV 


I,·sv 


3V 


OV 


_----_.--------- 
3V 


An 
l.SV1 
\.1.5V 
~'H~-· 
-OV 
1 
1 
SV--------,-.s-V 
"L 
3V 


--_. 
I 
,pw----I'- 
ov 
DRCP 
1.svl 
\ 


l-i ~'f 


lIDSn 
LI=: 


MPR·S09 
tpHL 
tpLH 


1.SV'\ 
!1.5V 


l2-'PHLj- ~ 
'PLH 


Blffi 


n --------l.S-V 
~'SV 


~ 


j--t, 


90%~ 
1.5V 
-_.11._.0.%--:1 


2. DRIVER CLOCK (DRCP) TO BUS 
3. BUS ENABLE (BE) TO BUS 


DRIVER 
SWITCHING 
WAVEFORMS 


I 
------~ 


Am2907 
DRIVER LOAD TEST CIRCUIT 
Am2908 
DRIVER LOAD TEST CIRCUIT 


OE 


--------------- 
OV 


RLE 


OE 
ov 


\ 


3V 


BUSn 


OV 


3V 


RLE 
1.5V 
1.5V 
F 
---I---'P-L-HJ 


4. BUS TO RECEIVER OUTPUT 


(LATCH ENABLED) 


E 
I CL 
------~ 
I 
Note: 
CL = 15pF for Am2907 
CL = 50pF for Am2908 


Am2907/08 
SWITCHING 
WAVEFORMS 


AND LOAD TEST CIRCUITS 
(Cont.) 


Rn 
OUTPUT 
NORMAllY 
LOW 


---_ 
------ 
3V 


15V \. 
f15V 


~-tZl:l ~ 
f~tLZI 
.5V 
OV 
~2 
\,.5V 
F- Lvo, 


OPr.:- IZH~~----I-~ 
fI VOH 
j-,.5V -l-i-- r 
S'OPEN. 
~ 


tHZ~ 
.5V 


Rn 
OUTPUT 
NORMALLY 
HIGH 


,.5V* 
,.5Vj( 


3V 


15V* 
,.SVj( 
AO-3 
8U50_3 
~tPlH 
IPHl5 


OV 
~tPlH 
IPHL5 


ODD 
,.svf 
,.SV~ 
,.svf 
,.SV~ 


BE 
4.SV 


BE 
OV 
RLE 
OV 


MPR-S17 
MPR-S'B 
7. A INPUT TO PARITY OUTPUT 
8. BUS TO PARITY OUTPUT 


Nole 1: CL ~ 15pF for IZL. IZH 
CL = 5pF for ILZ, 1HZ 


Am2907/8 
ADDRESS 
REGISTER 


BUS 


A 


Am2907/B 
DATA 
BUS 
REGISTER 


R 


The Am2907 
can be used as an I/O 
Bus Transceiver 
and Main 
Memory 
I/O 
Transceiver 
in high-speed 
Microprocessor 
Systems. 


Am2909· 
Am2911 
Am2909A • Am2911A 
Microprogram 
Sequencers 


DISTINCTIVE CHARACTERISTICS 


• 
4-bit slice cascadable to any number of microwords 
• 
Internal address register 
• 
Branch input for N-way branches 


• 
Cascadable 4-bit microprogram counter 


• 
4 x 4 file with stack pointer and push pop control for 
nesting microsubroutines 


• 
Zero input for returning to the zero microcode word 


• 
Individual OR input for each bit for branching to higher 
microinstructions 
(Am2909 only) 


• 
Three-state outputs 


• 
All internal registers change state on the LOW-to-HIGH 
transition of the clock 


• 
Am2909 in 28-pin package 


• 
Am2911 in 20-pin package 
• 
New high-speed versions (Am2909A and Am2911A) are 
plug-in replacements for original Am2909 and Am2911 


• 
Critical path speeds will be improved by about 25% 
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GENERAL DESCRIPTION 


The Am2909 is a four-bit wide address controller intended 
for sequencing 
through a series of microinstructions 
con- 


tained in a ROM or PROM. Two Am2909's may be inter- 
connected to generate an eight-bit address (256 words). and 
three may be used to generate 
a twelve-bit 
address 
(4K 


words). 


The 
Am2909 
can select 
an address 
from 
any of four 


sources. They are: 1) a set of external direct inputs (D); 2) 
external data from the R inputs, stored in an internal regis- 
ter; 3) a four-word deep push/pop stack; or 4) a program 
counter 
register 
(which usually contains 
the last address 


plus one). The push/pop stack includes certain control lines 
so that it can efficiently execute nested subroutine linkages. 
Each of the four outputs can be OR'ed with an external 
input for conditional skip or branch instructions. and a sepa- 
rate line forces the' outputs to all zeroes. The outputs are 
three-state. 


The Am2911 is an identical circuit to the Am2909. except the 
four OR inputs are removed and the 0 and R inputs are tied 
together. The Am2911 is in a 20-pin. 0.3" centers package. 
The Am2909A and Am2911A are direct plug-in replacements 
for the Am2909 and Am2911, but are about 25% faster. 


MAXIMUM 
RATINGS 
(Above which 
the useful 
life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
~oltage 
to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for 
HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 


DC Input 
Current 


_65°C 
to +150°C 


-55°C 
to +125°C 


-0.5 
V to +7.0 V 


-0.5 
V to +VCC max. 


-0.5 
V to +7.0 V 


30mA 


-30 
mA to +5.0 mA 


Operating Range 


Commercial 


Military 


Part Number 
Suffix 


PC, OC 


OM, FM 


Power Supply 


5.0V ±5% 


5.0V 
±10% 


Temperature 
Range 


TA = O°C to 
+70°C 


Tc 
~ 
-55°C 
to 
+125°C 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless Otherwise 
Notes) 


(For Am2909, 
Am2911, 
Am2909A, 
Am2911 A) 


Typ. 


(Note 
2) 


Vcc 
~ MIN., 
Mil 
IIOH=-1.0mA 
2.4 


VOH 


1 


Output 
HIGH 
Voltage 
VIN 
= VIH 
or Vil 
COM'l 
I 10H ~ -2.6mA 


Volts 
2.4 


10l 
~ 4.0mA, 
2909/11 
0.4 


VCC = MIN., 
10l 
~ 8.0mA, 
2909/11 
0.45 
Val 
Output 
lOW 
Voltage 


VIN 
= VIH 
or Vil 
Volts 


10l 
~ 12mA, 
2909/11 


(Note 5) 
0.5 


tal 
= 16mA, 
2909A/llA 
0.5 


VIH 
Input 
HIGH 
level 
Guaranteed 
input 
logical HIGH 


2.0 
Volts 
voltage 
for all inputs 


Guaranteed 
input 
logical 
LOW 
I 
Mil, 
2909/11 
0.7 
Volts 
Vil 
Input 
lOW 
level 


voltage for all inputs 
I 
0.8 
All others 


VI 
I 
Input 
Clamp Voltage 
VCC = MIN., 
IIN ~ -18mA 
-1.5 
Volts 


Cn 
-1.08 


III 
Input 
lOW 
Currer\! 


VCC ~ MAX., 


mA 
VIN 
~ O.4V 
Push/Pop, 
OE 
-0.72 


Others 
(Note 6) 
-0.36 


Cn 
40 


IIH 
Input 
HIGH 
Current 


VCC = MAX., 


Push/Pop 
40 
)JA 
VIN 
= 2.7V 
Others 
(Note 6) 
20 


VCC ~ MAX., 
Cn, Push/Pop 
0.2 
II 
Input 
HIGH 
Current 
mA 


VIN 
= 7.0V 
Others 
(Note 6) 
0.1 


10S 
Output 
Short 
Circuit 
Current 
VCC = MAX. 
I 
YO-Y3 
-30 
-100 
mA 
(Note 3) 
I 
Cn + 4 
-30 
-85 


'CC 
Power Supply 
Current 
VCC ~ MAX. 
(Note 4) 
80 
130 
mA 


'OZl 
VCC = MAX., 
VOUT=O.4V 
-20 


Output 
OFF Current 


OE = 2.7V 


)JA 
'OZH 
VOUT 
= 2.7V 
20 


Notes: 
1. 
For 
conditions 
shown 
as MIN. 
or 
MAX., 
use 
the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 
2. 
Typical 
limits 
are 
at VCC 
= 5.0V, 
25°C 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of 
the 
short 
circuit 
test should 
not 
exceed 
one 
second. 


4. 
Apply 
Gt-JD 
to 
en. 
RO. 
R,. 
R2. 
R3. 
ORO. 
OR,. 
OR2. 
OR3. 
DO. 
D,. 
D2. 
and 
D3. 
Other 
inputs 
high. 
All 
outputs 
open. 
Measured 
after 
a 
LOW 
to 
HIGH 
clock 
transition. 


5. 
The 
12mA 
guarantee 
applies 
only 
to 
YO. 
Y1• 
Y2 
and 
Y3. 


6. 
or the 
Am2911 
and 
Am291'A. 
Di 
and 
Ai are internally 
connected. 
Loading 
is doubled 
(to 
same 
values 
as Push/Pop). 


Am2909/2911 
• Am2909A/2911 
A 


Am2909 
and Am2911 
SWITCHING 
CHARACTERISTICS 


OVER OPERATING 
RANGE 


Tables 
I, II, anc1111below 
define 
the timing 
characteristics 
of the 


Am2909 
and Am2911 
over 
the operating 
voltage 
and tempera- 


ture 
range. 
The 
tables 
are divided 
into three 
types 
of paramet- 


ers; 
clock 
characteristics, 
combinational 
delays 
from 
inputs 
to 


outputs, 
and set-up 
and hold time 
requirements. 
The 
latter table 
defines 
the time 
prior to the end of the cycle 
(i.e. clock 
LOW-to- 


HIGH transition) 
that each 
input must be stable 
to guarantee 
that 


the correct 
data 
is written 
into one of the 
internal 
registers. 


Measurements 
are made 
at 1.5V with V,L = OV and VIH = 3.0V. 


For three-state 
disable 
tests, 
CL ~ 5.0pF 
and measurement 
is to 


O.5V change 
on output 
voltage 
level. All outputs 
have 
maximum 


DC loading. 
The 
data 
on this page 
applies 
to the following 
part 


numbers: 


Operating 
Power 


Range 
Part Numbers 
Supply 
Temperature Range 


Com'l 
Am2909APC, 
DC 
5.0V ±5% 
TA = O°C to + 70°C 
Am2911APC, 
DC 


Mil 
Am2909ADM, 
FM 
5.0V ±10% 
Tc = -55°C 
to +125°C 
Am2911ADM 


TABLE 
I 
CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME 
COMMERCIAL 
MILITARY 


Minimum Clock LOW Time 
30 
35 


Minimum Clock HIGH Time 
30 
35 


TABLE II 
MAXIMUM 
COMBINATIONAL 
PROPAGATION DELAYS 


(all 
in ns. CL = 50pF 
(except 
output 
disable 
tests)) 


COMMERCIAL 
MILITARY 


~Input 
Y 
Cn+4 
Y 
Cn+4 


Dj 
17 
30 
20 
32 


50.5, 
30 
48 
40 
50 


ORj 
17 
30 
20 
32 


Cn 
- 
14 
- 
16 


ZERO 
30 
48 
40 
50 


DE LOW (enable) 
25 
- 
25 
- 


DE HIGH (disable) 
25 
- 
25 
- 


Clock t 
5,50 = LH 
43 
55 
50 
62 


Clock t 
5,50 = LL 
43 
55 
50 
62 


Clock t 
5,50 = HL 
80 
95 
90 
102 


TABLE III 


GUARANTEED SET-UP AND HOLD TIMES (all 
in ns) (Note 
1) 


COMMERCIAL 
MILITARY 
From Input 
Notes 
Set-Up Time 
Hold Time 
Set-Up Time 
Hold Time 


RE 
22 
5 
22 
5 


Rj 
2 
10 
5 
12 
5 


PUSH/POP 
26 
6 
30 
7 


FE 
26 
5 
30 
5 


Cn 
28 
5 
30 
5 


Dj 
2 
30 
0 
35 
3 


ORj 
30 
0 
35 
3 


50,51 
45 
0 
50 
0 


ZERO 
45 
, 
0 
50 
0 


Notes: 
1. All times relatIVe to clock LOW-to-HIGH 
transition. 


2. On Am2911 A, Ri and Di are internally connected together ana labeled Di' Use Ri set-up and ~old times when D inputs are used to load register. 


I- 
(T~'B't~ 
I)---j 
I--- (T~'B't~ 
I)--j 
J 
Ir- 
~\\ 
\Y\\\Y\\~lt 
I~--- 
30V 


CP 
CLO~~~~ELH~~~URS 
----- 
'.5V 


I 


\\\\\~~L\\_. 
~ 
ov 
I 


Is 
th 


----- 
(TABLE 
III) ----- 
(TABLE 
III) 
I~ 
:m::: 
I 
I 
t-- INPUTS 
TO Y or CnH 
j----CLOCKTOY;orCnJ.f 
: / 
(TABLE 
II) 
~------------_:.:: 


VOL 


Am2909A 
and Am2911A 
SWITCHING 
CHARACTERISTICS 


TYPICAL 
ROOM TEMPERATURE 


Tables I, II and III below give typical timing characteristics of the 
Am2909A and Am2911A at room temperature. 
The tables are 
divided into three types of parameters: 
clock characteristics, 


combinational 
aelays from inputs to outputs, and set-up and 


hold time requirements. The latter table defines the time prior to 
the end of the cycle (I.e., clock LOW-to-HIGH transition) that 
each input must be stable to guarantee that the correct data is 
written into one of the internal registers. 


Measurements 
are made at 1.5V with V1L = OV and VIH = 
3.0V. For threeistate 
disable tests, CL = 5.0pF and measure- 


ment is to O.5V change on output 
voltage 
level. All outputs 
have maximum 
DC loading. The data on this page applies to 
the following 
part numbers: 


Operating 
Range 
Power 
Supply 


Am2909PC,DC 
"m2911PC, DC 


Am2909DM,FM 
"m2911DM 


Am2909/2911 
• Am2909A/2911 
A 


TABLE 
I 


CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME 
COMMERCIAL 
MILITARY 


MinimumClock LOW Time 
30 
35 


MinimumClock HIGHTime 
30 
35 


TABLE II 
MAXIMUM 
COMBINATIONAL 
PROPAGATION DELAYS 


(all in ns, CL = 50pF (except output 
disable tests)) 


~ 


Di 


50,51 


TYPICAL 
ROOM 
TEMPERATURE 
Y 
Cn+4 


en 
8 
0 


Di 
2 
11 
0 


ORj 
11 
0 


So,S, 
15 
0 


ZERO 
15 
0 


Notes: 
1. All times 
relative 
to clock 
LOW-to-HIGH 
transition. 
2. On Am29tl. 
Ri and OJ are internally 
connected 
together 
and labeled 
OJ. Use Rj set-up 
and hold times 
when ° jnputs 
are used to load regist~r. 


I--(T~'B't~I)----j 
I--(T~'B't'eI)--l 
J 
I,--- 
~ \y\\ \\ \\ \\~It 
I~--- 
3.0V 


CP 
CLO~~~~ELH~~~URS 
----- 
'.5V 


I 


U\\~~UU_. 
~ 
OV 


I 
. 
Is 
• 
th 
(TABLE III) 
(TABLE III) 
I~ 
m::: 


~ 
I 
,INPUTS 
TO Vo, CnH 


CLOCK 
TO Y1 OT Cn+: 
: 
(TABLE 
11) 


(TABLE II) 
~-----------_:.:: 


VOL 


v~riO.1s">'i'n'lk?Ra1 
~aridAext';lm~r reg'1'~~r~~nd 
signals 
used with 


the 
Am2909. 
Since 
its principle 
application 
is as a controller 
for a microprogram 
store, it is necessary 
to define some signals 


associated 
with 
the 
microcode 
itself. 
Figure 
3 illustrates 
the 


basic interconnection 
of Am2909, 
memory, 
and m icroinstruc· 
tion 
register. 
The definitions 
here 
apply 
to this architecture. 


Inputs to Am2909/ 
Am2911 


S" So 
Control 
lines for address source selection 
FE, PUP 
Control 
lines for push/pop 
stack 
RE 
Enable line for internal 
address register 


ORi 
Logic OR inputs on each address output 
line 
ZERO 
Logic AND .input on the out!'ut 
lines 
OE 
Output 
Enable. 
When OE is HIGH, the Yout- 


puts are OFF (high impedance) 
Cn 
Carry-in to the incrementer 


Ri 
Inputs to the internal 
address register 
Di 
Direct inputs to the multiplexer 
CP 
Clock 
input 
to 
the 
AR and JlPC register 
and 
Push-Pop 
stack 


Outputs 
from the Am2909/ 
Am2911 


Vi 
Address outputs 
from Am2909. 
(Address 
inputs 
to control 
memory.) 


Am2909 


So. 51_ FE, PUP. FiE 
y 


MICRQWQRD 
REGISTER 
(J.lWA) 


JlPC 
AR 
STKO-STK3 


Contents 
of the microprogram 
counter 


Contents 
of the address/holding 
register 


Contents 
of the push/pop 
stack. 
By definition, 


the word 
in the four-by-four 
file, addressed 
by 


the 
stack 
pointer 
is STKO. Conceptually 
data 


i~ pushed 
into the stack at STKO; a subsequent 
push 
moves 
STKO 
to 
STK1; 
a 
pop 
implies 


STK3 
-> STK2 
....•.STK1 ....•.STKO. Physically, 
only the stack 
pointer 
changes 
when 
a push or 


pop is perfc ·med. The data does not move. I/O 
occurs at ST KO. 
Contents 
of the stack pointer 


A 
I(AI 


/-lWR 


Address to the control 
memory 


Instruction 
in control 
memory 
at address 
A 
Contents 
of the 
m icroword 
register 
(at output 
of 
control 
memory). 
The 
microword 
register 


contains 
the 
instruction 
currently 
being 
exe- 


cuted. 
Time 
period 
(cycle) 
n 


CONNECTION 
DIAGRAMS 


Top Views 


OPERATION 
OF THE Am2909/Am2911 


Figure 
Sllists 
the 
select 
codes 
for the 
multiplexer. 
The two 
bits applied 
from the microword 
register 
(and additional 
com- 


bination 
I logic for branching) 
determine 
which 
data 
source 
contains 
the 
address 
for 
the 
next 
microinstruction. 
The 
contents 
of the selected 
source 
will appear 
on the Y outputs. 


Figure S also shows the truth 
table for the output 
control 
and 


OqTAL 
S, 
So 
SOURCE FOR Y OUTPUTS 
SYMBOL 


0 
L 
L 
Microprogram Counter 
/lPC 
, 
L 
H 
Address/Holding 
Register 
AR 


2 
H 
L 
Push-Pop stack 
STKO 
3 
H 
H 
Direct inputs 
Di 


for the control 
of the push/pop 
stack. 
Figure 6 shows in detail 
the effect 
of So, S" 
FE and PUP on the Am2909. 
These four 
signals define 
what address appears 
on the Y outputs 
and what 


the state 
of all the internal 
registers will be following 
the clock 


LOW·to-HIGH 
edge. 
In this 
illustration, 
the 
microprogram 
counter 
is assumed 
to contain 
initially 
some word J, the ad- 


dress 
register 
some 
word 
K, and the four words 
in the 
push/ 


pop stack contain 
Ra through 
Rd. 


ORj 
ZERO 
OE 
Yj 


X 
X 
H 
Z 


X 
L 
L 
L 


H 
H 
L 
H 
L 
H 
L 
Source selected by So S, B 


FE 
PUP 
PUSH-POPSTACK CHANGE 


H 
X 
No change 
L 
H 
Increment stack pointer, then 
push current PC onto STKO 


L 
L 
Pop stack (decrement stack pointer) 


H::: 
High 
L::: Low 


X = Don't 
Care 


CYCLE 
- 
PRINCIPLE 
S1, So, FE, PUP 
!LPC 
REG 
STKO 
STKl 
STK2 
STK3 
YOUT 
COMMENT 
USE 


N 
o 0 0 0 
J 
K 
Ra 
Rb 
Rc 
Rd 
J 
Pop Stack 
End 
N+l 
- 
J+l 
K 
Rb 
Rc 
Rd 
Ra 
- 
Loop 


N 
000 
1 
J 
K 
Ra 
Rb 
Rc 
Rd 
J 
Push !LPC 
Set-up 
N+l 
- 
J+l 
K 
J 
Ra 
Rb 
Rc 
- 
Loop 


N 
001 
X 
J 
K 
Ra 
Rb 
Rc 
Rd 
J 
Continue 
Continue 
N+l 
- 
J+l 
K 
Ra 
Rb 
Rc 
Rd 
- 


N 
o 1 0 0 
J 
K 
Ra 
Rb 
Rc 
Rd 
K 
Pop Stack; 
End 
N+l 
- 
K+l 
K 
Rb 
Rc 
Rd 
Ra 
- 
Use AR for Address 
Loop 


N 
o 1 0 
1 
J 
K 
Ra 
Rb 
Rc 
Rd 
K 
Push !LPC; 
JSR 
AR 
N+l 
- 
K+l 
K 
J 
Ra 
Rb 
Rc 
- 
Jump to Address 
in AR 


N 
o 1 1 X 
J 
K 
Ra 
Rb 
Rc 
Rd 
K 
Jump to Address 
in AR 
JMP 
AR 
N+l 
- 
K+l 
K 
Ra 
Rb 
Rc 
Rd 
- 


N 
1 000 
J 
K 
Ra 
Rb 
Rc 
Rd 
Ra 
Jump to Address 
in STKO; 
RTS 
N+l 
- 
Ra+l 
K 
Rb 
Rc 
Rd 
Ra 
- 
Pop Stack 


N 
1 o 0 
1 
J 
K 
Ra 
Rb 
Rc 
Rd 
Ra 
Jump to Address 
in STKO; 


N+l 
- 
Ra+l 
K 
J 
Ra 
Rb 
Rc 
- 
Push !LPC 


N 
1 o 1 X 
J 
K 
Ra 
Rb 
Rc 
Rd 
Ra 
Jump to Address 
in STKO 
Stack 
Ref 
N+l 
- 
Ra+l 
K 
Ra 
Rb 
Rc 
Rd 
- 
(Loop) 


N 
1 100 
J 
K 
Ra 
Rb 
Rc 
Rd 
D 
Pop Stack; 
End 
N+l 
- 
D+l 
K 
Rb 
Rc 
Rd 
Ra 
- 
Jump 
to Address on D 
Loop 


N 
1 1 0 
1 
J 
K 
Ra 
Rb 
Rc 
Rd 
D 
Jump to Address 
on D; 


N+l 
- 
D+l 
K 
J 
Ra 
Rb 
Rc 
Push !LPC 
JSR 
D 
- 


N 
1 1 1 X 
J 
K 
Ra 
Rb 
Rc 
Rd 
D 
Jump to Address on D 
JMP 
D 
N+l 
- 
D+l 
K 
Ra 
Rb 
Rc 
Rd 
- 


routine 
at A". 
At 
the 
time 
T 2, this 
instruction 
is in the /lWR, 
and 
the 
Am2909 
inputs 
are set·up 
to 
execute 
the 
jump 
and 


save the 
return 
address. 
The subroutine 
address 
A is applied 
to 


the 
0 inputs 
from 
the pWR and appears 
on the 
Y outputs. 
The 


first 
instruction 
of 
the 
subroutine, 
I (Al, 
is accessed 
and 
is at 


the 
inputs 
of 
the pWR. 
On the 
next 
clock 
transition, 
I (A) 
is 


loaded 
into 
the 
/lWR 
for 
execution, 
and 
the 
return 
address 


J+3 
is pushed 
onto 
the 
stack. 
The 
return 
instruction 
is exe· 
cuted 
at 
T 5. 
Figure 
8 is a similar 
timing 
chart 
showing 
one 


subroutine 
linking 
to 
a second, 
the 
latter 
consisting 
of 
only 
one microinstruction. 


Figure 
7 
illustrates 
the 
execution 
of 
a subroutine 
using 
the 
Am2909. 
The 
configuration 
of 
Figure 
3 
is 
assumed. 
The 
instruction 
being 
executed 
at 
any 
given 
time 
is the 
one 
con- 


tained 
in 
the 
microword 
register 
(/lWR). The 
contents 
of 
the 
/lWR also controls 
(indirectly, 
perhaps) 
the four 
signals 50,51, 


FE, 
and 
PUP. 
The 
starting 
address 
of the 
subroutine 
is applied 


to the 
0 inputs 
of the Am2909 
at the appropriate 
time. 


In the columns 
on the 
left 
is the 
sequence 
of microinstructions 
to 
be executed. 
At 
address 
J+2, 
the 
sequence 
control 
portion 


of 
the 
microinstruction 
contains 
the 
comand 
"Jump 
to 
sub- 


Execute 
Microprogram 


Cycle 
Address 
Sequencer 
Instruction 


J-1 
- 


To 
J 
- 


T, 
J+l 
- 


T2 
J+2 
JSR A 


Ts 
J+3 
- 


T7 
J+4 
- 
- 
- 
- 
- 


- 
- 
- 
- 
- 
- 


T3 
A 
I(A) 


T4 
A+1 
- 


T5 
A+2 
RTS 
- 
- 
- 
- 


- 
- 
- 
- 
- 
- 


I 


- 
- 
- 
- 


Execute 
Microprogram 


Cycle 
Address 
Sequencer 
Instruction 


J-1 
- 


To 
J 
- 


T, 
J+1 
- 


T2 
J+2 
JSR A 
Tg 
J+3 
- 


- 
- 
- 
- 
- 
- 


- 
- 


T3 
A 
- 


T4 
A+1 
- 


T5 
A+2 
JSR B 
T7 
A+3 
- 
Ts 
A+4 
RTS 
- 
- 


- 
- 
- 
- 
~ 
- 
TS 
B 
RTS 
- 
- 
- 
- 


Execute Cycle 


Clock 


Signals 


Am2909 
S" 
So 
0 
0 
3 
0 
0 
2 
0 
0 


Inputs 
FE 
H 
H 
L 
H 
H 
L 
H 
H 
(from 
PUP 
X 
X 
H 
X 
X 
L 
X 
X 


/lWR) 
D 
X 
X 
A 
X 
X 
X 
X 
X 


/lPC 
J+1 
J+2 
J+3 
A+1 
A+2 
A+3 
J+4 
J+5 
STKO 
J+3 
J+3 
J+3 
Internal 
STKl 
Registers 
STK2 
STK3 


Am2909 
Y 
J+1 
J+2 
A 
A+1 
A+2 
J+3 
J+4 
Output 
J+5 


ROM 
(Y) 
I(J+1) 
JSR A 
I(A) 
I(A+1) 
RTS 
I(J+3) 
I(J+4) 
I(J+5) 
Output 


Contents 
of/lWR 


(Instruction 
/lWR 
I(J) 
1(J+1) 
JSR A 
I(A) 
I(A+1) 
RTS 
I(J+3) 
I(J+4) 


being 
executed) 


Figure 7. Subroutine 
Execution. 
Cn = HIGH 


Execute Cycle 
To 
T, 
T2 
T3 
T4 
T5 
Ts 
T7 
Ts 
Tg 


Clock n..L.J L Ln-L ruL ~ n- 


Signals 
- 


Am2909 
S"So 
0 
0 
3 
0 
0 
3 
2 
0 
2 
0 


Inputs 
FE 
H 
H 
L 
H 
H 
L 
L 
H 
L 
H 
(from 
PUP 
X 
X 
H 
X 
X 
H 
L 
X 
L 
X 


/lWR) 
D 
X 
X 
A 
X 
X 
B 
X 
X 
X 
X 


/lPC 
J+1 
J+2 
J+3 
A+1 
A+2 
A+3 
B+1 
A+4 
A+5 
J+4 


STKO 
- 
- 
- 
J+3 
J+3 
J+3 
A+3 
J+3 
J+3 
- 
Internal 
STKl 
- 
- 
- 
- 
- 
- 
J+3 
Registers 
- 
- 
- 


STK2 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


STK3 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Am2909 
Y 
J+l 
J+2 
A 
A+1 
A+2 
B 
A+3 
A+4 
J+3 
J+4 
Output 


ROM 
(Y) 
I (J+1) 
JSR A 
I(A) 
I(A+1) 
JSR B 
RTS 
I(A+3) 
RTS 
I(J+31 
I(J+4) 
Output 


Contents 
of/lWR 


( Instruction 
/lWR 
I(J) 
1(J+1) 
JSR A 
I(A) 
I(A+1) 
JSR B 
RTS 
I(A+3) 
RTS 
I(J+3) 


being 
executed) 


USING THE Am2909 AND Am2911 


The Am2909 and Am2911 are four-bit slice sequencers which 
are c~scaded to form 
a microprogram 
memory 
address 


generator. Both products make available to the user several 
lines which are used to directly control the internal holding 
register, multiplexer 
and stack. By appropriate 
control 
of 


these lines, the user can implement 
any desired set of se- 


quence control functions; 
by cascading parts he can gener- 


ate any desired address length. These two qualities set the 
Am2909 and Am2911 apart from the Am291 0, which is ar- 
chitecturally similar, but is fixed at 12 bits in length and has a 
fixed set of 16sequence control instructions. The Am2909 or 
Am2911 should be selected instead of the Am291 0 under the 
following 
conditions: 


• Address less than 8 bits and not likely to be expanded 
• Address longer than 12 bits 


• 
More complex instruction set needed than is available on 
Am2910 


Architecture of the Control Unit 


The recommended 
architecture 
using 
the Am2909 
or 


Am2911 is shown in Figure 1. Note that the path from the 
pipeline register output through the next address logic, mul- 
tiplexer, 
and microprogram 
memory 
is all combinational. 


The pipeline register contains the current microinstruction 
being executed. A portion of that microinstruction 
consists 


of a sequence control command such as "continue", 
"loop", EJ 
"return-from-subroutine", 
etc. The bits representing 
this 


sequence command are logically combined with bits repre- 
senting such things as test conditions 
and system state to 
generate the required 
control 
signals to the Am2909 or 


Am2911. The block labeled "next address logic" may consist 
of simple gates, a PROM or a PLA, but it should be all combi- 
national. 


----~ 
~2909 
OR Am2911 MICROPROGRAM 
SeQUENCERS 


FE, PUP 
STACK POINTER 


INTERRUPT 
ADDRESS 
VARIOUS 
•... 
::> 
MICROPROGRAM 
MEMORY 
TEST 
f'; 
TEST 


CONDITIONS 
::> 
NEXT ADDRESS 
0 
SELeCT 
OTHER 
SYSTEM STATE 


~",~~W.?9' t.~.41X!,~qAJ?JU 
"LA..._..__,,_.._ ._ ..__.., 
identical to that implemented internally in the Am2910. 
~ 
- 
outputs for each instruction. Generating any instruction 
set 


consists simply of writing a truth table and designing combi- 
national logic to implement it. For more detailed information 
refer to "The Microprogramming 
Handbook". 
Figure 2 sh0'1s the CCU of Figure 1 with the Am29811A in 
place. The Am29811A, in addition to controlling theAm2911, 


STARTING 
ADDAESS 
DECODER 


(MAPPING 
PROM) 


OUTPUT 
----==1l 


Am291 
I MICROPROGRAM 
SEQUENCERS 


STACK 
POINTER 


Am29811A 


NEXT 
ADDRESS 
CONTROL 


TEST 


INPUTS 
OUTPUTS 


MNEMONIC 
INSTRUCTION 
FUNCTION 
TEST 
NEXT 
ADDR 
FILE 
COUNTER 
MAP·E 
PL·E 


13 12 11 10 
INPUT 
SOURCE 


JZ 
L 
L 
L 
L 
JUMP 
ZERO 
X 
D 
HOLD 
L L· 
H 
L 


CJS 
L 
L 
L 
H 
COND 
JSB PL 
L 
PC 
HOLD 
HOLD 
H 
L 


H 
D 
PUSH 
HOLD 
H 
L 


JMAP 
L 
L 
H 
L 
JUMP 
MAP 
X 
D 
HOLD 
HOLD 
L 
H 


CJP 
L 
L 
H 
H 
COND 
JUMP 
PL 
L 
PC 
HOLD 
HOLD 
H 
L 


H 
D 
HOLD 
HOLD 
H 
L 


PUSH 
L 
H 
L 
L 
PUSH/CONa 
LD CNTR 
L 
PC 
PUSH 
HOLD 
H 
L 


H 
PC 
PUSH 
LOAD 
H 
L 


JSRP 
L 
H 
L 
H 
CONO 
JSB R/PL 
L 
R 
PUSH 
HOLD 
H 
L 


H 
D 
PUSH 
HOLD 
H 
L 
CN 
L 
H 
H 
L 
COND 
JUMP 
VECTOR 
L 
PC 
HOLD 
HOLD 
H 
H 


H 
D 
HOLD 
HOLD 
H 
H 


JRP 
L 
H 
H 
H 
COND 
JUMP 
AIPL 
L 
R 
HOLD 
HOLD 
H 
L 


H 
D 
HOLD 
HOLD 
H 
L 


RFCT 
H 
L 
L 
L 
REPEAT 
LOOP, 
CNTA 
"* 0 
L 
F 
HOLD 
DEC 
H 
L 


H 
PC 
POP 
HOLD 
H 
L 


RPCT 
H 
L 
L 
H 
REPEAT 
PL, CNTA 
"* 0 
L 
D 
HOLD 
DEC 
H 
L 


H 
PC 
HOLD 
HOLD 
H 
L 


CRTN 
H 
L 
H 
L 
COND 
RTN 
L 
PC 
HOLD 
HOLD 
H 
L 


H 
F 
POP 
HOLD 
H 
L 


CJPP 
H 
L 
H 
H 
CONQ 
JUMP 
PL & POP 
L 
PC 
HOLD 
HOLD 
H 
L 


H 
D 
POP 
HOLD 
H 
L 


LDCT 
H 
H 
L 
L 
LOAD 
CNTR 
& CONTINUE 
X 
PC 
HOLD 
LOAD 
H 
L 


LOOP 
H 
H 
L 
H 
TEST 
END 
LOOP 
L 
F 
HOLD 
HOLD 
H 
L 


H 
PC 
POP 
HOLD 
H 
L 


CQNT 
H 
H 
H 
L 
CONTINUE 
X 
PC 
HOLD 
HOLD 
H 
L 


JP 
H 
H 
H 
H 
JUMP 
PL 
X 
D 
HOLD 
HOLD 
H 
L 


L ~ LOW 


H = HIGH 
X = Don't 
Care 


DEe 
= Decrement 


*LL 
= Special 
Case 


INPUTS 
OUTPUTS 


MNEMONIC 
FUNCTION 
NEXT 
FILE 
COUNTER 


... 
ADDR 
I~ 
Ii 
., 
SOURCE 
"'- 
I~ 
13 
12 
11 
10 
w 
Sl 
So 
I~ 
:J 
ltii 
... 


"'- 
PIN NO. 
14 
13 
12 
11 
10 
4 
5 
3 
2 
6 
7 
1 
9 


JZ 
JUMP 
ZERO 
L 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
H 
L 


L 
L 
L 
L 
H 
H 
H 
H 
H 
L 
L 
H 
L 


CJS 
COND 
JSB PL 
L 
L 
L 
H 
L 
L 
L 
H 
H 
H 
H 
H 
L 


L 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 


JMAP 
JUMP 
MAP 
L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
L 
H 


L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
H 


CJP 
COND 
JUMPPL 
L 
L 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
L 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


PUSH 
PUSH/COND 
LD CNTR 
L 
H 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
L 


L 
H 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
L 


JSRP 
CONO 
JSB R/PL 
L 
H 
L 
H 
L 
L 
H 
L 
H 
H 
H 
H 
L 


L 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 


CJV 
COND 
JUMP 
VECTOR 
L 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 


L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


JRP 
CONO 
JUMP 
R/PL 
L 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
L 


L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


RFCT 
REPEAT 
LOOP, 
CTR 
"* 0 
H 
L 
L 
L 
L 
H 
L 
H 
L 
H 
L 
H 
L 


H 
L 
L 
L 
H 
L 
L 
L 
l 
H 
H 
H 
L 


RPCT 
REPEAT 
PL, CTR '* 0 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
L 
H 
L 


H 
L 
L 
H 
H 
L 
L 
H 
H 
H 
H 
H 
L 


CRTN 
CONO 
RTN 
H 
L 
H 
L 
L 
L 
L 
H 
L 
H 
H 
H 
L 


H 
L 
H 
L 
H 
H 
L 
L 
L 
H 
H 
H 
L 


CJPP 
CONO 
JUMP 
PL & POP 
H 
L 
H 
H 
L 
L 
L 
H 
L 
H 
H 
H 
L 


H 
L 
H 
H 
H 
H 
H 
L 
L 
H 
H 
H 
L 


LOCT 
LO CNTR 
& CONTINUE 
H 
H 
L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
L 


H 
H 
L 
L 
H 
L 
L 
H 
H 
L 
H 
H 
L 


LOOP 
TEST 
END 
LOOP 
H 
H 
L 
H 
L 
H 
L 
H 
L 
H 
H 
H 
L 


H 
H 
L 
H 
H 
L 
L 
L 
L 
H 
H 
H 
L 
CO NT 
CONTINUE 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
L 


H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 


JP 
JUMPPL 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


Expansion of the Am2909 or Am2911 


Figure 4 sh.ofs the interconnection of three Am2911's to 
form a 12-blt 
equencer. Note that the only interconnection 


between pac ages, other than the common clock and control 
lines, is the ripple carry between ,..PC incrementors. This 
carry path is not in the critical speed path if the Am2911 Y 
outputs drivelthe microprogram memory, becausethe ripple 
carry occurs in parallel with the memory accesstime. If, on 
the other hand, a micro-address register is placed at the 
Am2911 output, then the carry may lie in the critical speed 
path, since the last carry-in must be stable for a set-up time 
prior to the cock. 


Selecting Between the Am2909 and Am2911 


The difference between the Am2909 and the Am2911 in- 
volves two signals: the data inputs to the holding register 


and the "OR" inputs. In the Am2909, separate four-bit fields 
are provided for the holding register and the direct branch 
inputs to the multiplexer. In the Am2911, these fields are 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 5. Using the 
Am2909, the register inputs may be connected directly to the 
microprogram memory; the internal register replaces part of 
the pipeline register. The direct (D)inputs may be tied to the 
mapping logic which translates instruction op codes into 
microprogram addresses. While the same technique might 
be used with the Am2911, it is more common to connect the 
Am2911's D inputs to a branch address bus onto which 
various sources may be enabled. Shown in Figure 5 is a 
pipeline register and a mapping ROM. Other sources might 
also be applied to the same bus. The internal register is used 
only for temporary storage of some previous branch ad- 
dress. 


4 
Dl1_8 


0 


Cn+4 
2911 
Cn 
Cn+4 
2911 
Cin 


y 
So 
5, 


FE 


Y11~8 


PUP 


RE 


CP 


The second difference between the Am2909 and Am2911 is 
that the Am2909 has OR inputs available on each address 
output line. These pins can be used to generate multi-way 
single-cycle branches by simply tying several test conditions 
into the OR lines. See Figure 6. Typically, a branch is taken to 
an address with zeroes in the least significant bits. These bits 
are replaced with 1's or O's by test conditions applied to the 
OR lines. In Figure 6, the states of the two test conditions X 
and Y result in a branch to 1100, 1101, 1110, or 1111. 


Figure 6. Useof OR Inputs to 
Obtain 4 - Way Branch. 


The Am29803A has been designed to selectively apply any 
or all of four different test conditions to an Am2909. Figure 7 
shows the truth table forthis device. A nice trade off between 
flexibility 
and board space is achieved by using a single 


28-pin Ami2909 for the least significant four bits of a sequen- 
cer, and using the space-saving 20-pin Am2911's for the 
remainder 
of the bits. A detailed logic design for such a 


system is contained in The Microprogramming 
Handbook. 


How to Perform Some Common Functions with 
the Am2909 or Am2911 


1. CONTINUE 


5, 
So 
FE 
PUP 
o 
0 
1 
X 


2. BRANCH 


MUXIYOUT 


D 


5, 
So 
FE 
PUP 


1 
1 
1 
X 


Feed data on D inputs straight 
through 
to memory 
ad- 
dress lines. Increment address and place in PC. 


MUXIYOUT 


D 
5, 
So 
FE 
PUP 


1 
0 


Sub-routine address fed from D inputs to memory address. 
Current PC is pushed onto stack, where it is saved for the 
return. 


MUXIYOUT 


STACK 


5, 
So 
FE 
PUP 


1 
0 
0 
0 


The address at the top ofthe stack is applied to the micropro- 
gram memory, and is incremented for PCon the next cycle. 
The stack is popped to remove the return address. 


BRANCH ON 
13 
12 
I, 
10 OR3 
OR2 
OR, 
ORo 


NONE 
NONE 
L 
L 
L 
L 
L 
L 
L 
L 


To 
L 
L 
L 
H 
L 
L 
L 
To 


Two-Way 
T, 
L 
L 
H 
L 
L 
L 
L 
T, 


Branches 
T2 
L 
H 
L 
L 
L 
L 
L 
T2 


T3 
H 
L 
L 
L 
L 
L 
L 
T3 


T, & To 
L 
L 
H 
H 
L 
L 
T, 
To 


T2 & To 
L 
H 
L 
H 
L 
L 
T2 
To 


Four-Way 
T3 & To 
H 
L 
L 
H 
L 
L 
T3 
To 


Branches 
T2 & T, 
L 
H 
H 
L 
L 
L 
T2 
T, 


T3 & T, 
H 
L 
H 
L 
L 
L 
T3 
T, 


T3 & T2 
H 
H 
L 
L 
L 
L 
T3 
T2 


T2• T,. To 
L 
H 
H 
H 
L 
T2 
T, 
To 


Eight-Way 
T3• T,. To 
H 
L 
H 
H 
L 
T3 
T, 
To 


Branches 
T3• T2• To 
H 
H 
L 
H 
L 
T3 
T2 
To 


T3• T2• T,. 
H 
H 
H 
L 
L 
T3 
T2 
T, 


Sixteen- 
Way 
T3• T2• T,. To 
H 
H 
H 
H 
T3 
T2 
T, 
To 


Branch 


FOUR I 
TEST 
CONDITIONS 
I 


TO Am2909 
OR INPUTS 


NotjS: 
Max. Ice 
= 200mA 
TA + +125°C 
Res stors = ±5% 


R1 13900 
R2 
5600 


R3 f 1kO 
fin = 100kHz, 50% duty-cycle. 
0-3V 


Vea 
min. = 5.0V 
Ved 
max. = 5.1V 


10 Numbers correspond to DIP pin-out 


DIE SIZE 0.110" 
X 0.160" 


Vcc 


R2 
R, 
R, 
R, 
R, 
R, 


I 


28 
27126 
2. 
24 
23 
22 
21 
20 
" 
18 
171 
16T 
" 


Vcc 
CP PUSHI FE Cn+4 
Cn DE. 
V, 
V2 
V, 
Vo 
5, 
So ZERO 


POP 


Am2909 


RE 
R, 
R2 
R, 
RO OR3 
03 
OR2 
O2 
OR1 
01 
ORo 
Do GND 
'I 
21 
3 
4 
• 
61 
71 
81 
• 
101 
111121 
131 
141 
I 
I 
I 
I 


-=- 


Notes: 
Max. Ice = 200mA 
TA = +125°C 
Resistors = ± 5% 


R1 '" 3900 
R2 = 5600 
R3 = 1kO 
fin = 100kHz, 50% duty-cycle. 
0-3V 


From clock buffer on each board: 
Vee 
min. = 5.0V 
Vee 
max. = 5.1V 


R2 
R, 
R, 
R, 
R, 


I 


201 " 
18 
171 
161 
" 
14 
13 
12 
111 


PUSH/ FE Cn+4 
Cn 
OE 
V, 
V2 
V, 
Vo 
S, 
pop 
.. 


Am2911 


CP 
VCC 
FiE 
0, 
O2 
0, 
Do GND ZERO 
So 


1 
2 
3 
4 
• 
6 
7 
8 • 
101 


R, 
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ARCHITECTURE 
OF THE Am2909/Am2911 


The 
Am2909/Am2911 
are bipolar 
microprogram 
sequencers 
intended 
for 
use 
in high-speed 
microprocessor 
applications. 


The 
device 
is a cascadable 
4-bit 
slice such 
that 
two 
devices 


allow 
addressing 
of 
up to 
256-words 
of 
microprogram 
and 


three 
devices 
allow 
addressing 
of up to 4K words 
of micro- 
program. 
A detailed 
logic diagram 
is shown in Figure 2. 


The 
device 
contains 
a four-input 
multiplexer 
that 
is used to 


select 
either 
the address 
register, 
direct 
inputs, 
microprogram 


counter, 
or file as the source 
of the next microinstruction 
ad- 
dress. This multiplexer 
is controlled 
by the So and S1 inputs. 


The 
address 
register 
consists 
of four 
Ootype, 
edge triggered 


flip-flops 
with 
a 
common 
clock 
enable. 
When 
the 
address 
register 
enable 
is LOW, new data 
is entered 
into the register 


on 
the 
clock 
LOW-to-H IGH transition. 
The address 
register 


is available 
at the multiplexer 
as a source 
for the next 
micro- 


instruction 
address. 
The 
direct 
input 
is a four-bit 
field 
of 


inputs 
to 
the 
multiplexer 
and 
can 
be selected 
as the 
next 


microinstruction 
address_ On the 
Am2911, 
the 
direct 
inputs 
are also used as inputs 
to the 
register. 
This allows an N-way 


branch 
where N is any word in the microcode. 


The 
Am2909/Am2911 
contains 
a 
microprogram 
counter 


l,uPC) that 
is composed 
of a 4-bit incrementer 
followed 
by a 


4-bit register. 
The incrementer 
has carry-in 
(Cn) and carry-out 


(Cn+4) 
such 
that 
cascading 
to larger word 
lengths 
is straight- 
forward. 
The tIPC can be used in either of two ways. When the 


least 
significant 
carry-in 
to 
the 
incrementer 
is HIGH, 
the 


microprogram 
register 
is loaded 
on the next clock cycle with 


the current 
Y output 
word plus one (Y+l-+tIPC.) 
Thus sequen- 
tial microinstructions 
can be executed. 
If this least significant 


Cn is LOW, the incrementer 
passes the Y output 
word unmod- 


ified and the 
microprogram 
register 
is loaded 
with 
the same 


Y word 
~n 
the 
next 
clock 
cycle 
(Y-+!-LPC).Thus, 
the 
same 


microinstruction 
can 
be executed 
any 
number 
of times 
by 


using the least significant 
Cn as the control. 


The last s?,urce available 
at the multiplexer 
input 
is the 4 x 4 


file (stac~l. 
The file is used to provide 
return 
address 
linkage 


when 
executing 
microsubroutines. 
The file contains 
a built-in 
stack 
pointer 
(SP) which 
always 
points 
to the 
last file word 
written. 
This allows stack 
reference 
operations 
(looping) 
to be 


performed 
without 
a push or pop. 


The 
stack 
pointer 
operates 
as 
an 
up/down 
counter 
with 
separate 
push/pop 
and file enable 
inputs. 
When the file enable 


input 
is LOW and 
the 
push/pop 
input 
is HIGH, 
the 
PUSH 
operation 
is 
enabled. 
This 
causes 
the 
stack 
pointer 
to 


increment 
and the file to be written 
with the 
required 
return 
linkage - 
the next microinstruction 
address 
following 
the sub- 
routine 
jump which initiated 
the PUSH. 
2 


If the 
file enable 
input 
is LOW and the 
push/pop 
control 
is 


LOW, a POP operation 
occurs. 
This implies the usage of the 
return 
linkage 
during 
this 
cycle 
and thus 
a return 
from sub- 


routine. 
The next 
LOW-to-HIGH 
clock 
transition 
causes 
the 


stack 
pointer 
to 
decrement. 
If 
the 
file 
enable 
is 
HIGH, 


no 
action 
is taken 
by the 
stack 
pointer 
regardless 
of 
any 


other 
input. 


The 
stack 
pointer 
linkage 
is such 
that 
any combination 
of 
pushes, 
pops 
or stack 
references 
can be achieved. 
One micro- 
instruction 
subroutines 
can be performed_ 
Since the 
stack is 


4 words deep, up to four microsubroutines 
can be nested. 


The 
ZERO 
input 
is used 
to 
force 
the 
four 
outputs 
to the 


binary 
zero 
state. 
When 
the 
ZERO 
input 
is 
LOW, 
all 
Y 
outputs 
are LOW regardless 
of any other 
inputs 
(except 
OE). 


Each 
Y output 
bit also has a separate 
OR input 
such that 
a 
conditional 
logic one 
can be forced 
at each 
Y output. 
This 


allows 
jumping 
to 
different 
microinstructions 
on 
program- 
med conditions. 


The 
Am2909/Am2911 
feature 
three-state 
Y outputs. 
These 


can be particularly 
useful in military 
designs requiring 
external 
Ground 
Support 
Equipment 
(GSE) 
to 
provide 
automatic 


checkout 
of 
the 
microprocessor. 
The 
internal 
control 
can 
be 
placed 
in the 
high-impedance 
state, 
and 
preprogrammed 


sequences 
of microinstructions 
can be executed 
via external 
access to the control 
ROM/PROM. 


Am2911 
Am2911A 
Package 
Operating 
Screening 
Am2909 
Am2909A 
Package 
Operating 
Screening 


Order 
Order 
Type 
Range 
Level 
Order 
Order 
Type 
Range 
Level 
Number 
Number 
(Note 
1) 
(Note 
2) 
(Note 
3) 
Number 
Number 
(Note 
1) 
(Note 
2) 
(Note 
3) 


AM2911PC 
AM2911APC 
P-20 
C 
C-1 
AM2909PC 
AM2909APC 
P-28 
C 
C-1 
AM29110C 
AM2911AOC 
0-20 
C 
C-l 
AM29090C 
AM2909AOC 
0-28 
C 
C-1 
AM29110C-B 
AM2911AOC-B 
0-20 
C 
B-2 (Note 4) 
AM29090C-B 
AM2909AOC-B 
0-28 
C 
B-2 (Note 4) 
AM29110~ 
AM2911AOM 
0-20 
M 
C-3 
AM29090M 
AM2909AOM 
0-28 
M 
C-3 
AM29110M-B 
AM2911AOM-B 
0-20 
M 
B-3 
AM29.090M-B 
AM2909AOM-B 
0-28 
M 
B-3 


AM2909FM 
AM2909AFM 
F-28-1 
M 
C-3 


AM2909FM-B 
AM2909AFM-B 
F-28-1 
M 
B-3 


AM2911XC 
AM2911AXC 
Dice 
C 
} 
Visual 
inspection 
AM2909XC 
AM2909AXC 
Dice 
C 
} Visual 
inspection 
to MIL-STO-883 
to MIL-STO-883 
AM2911XM 
AM2911AXM 
Dice 
M 
Method 
2010B. 
AM2909XM 
AM2909AXM 
Dice 
M 
Method 
2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix 8 for detailed 
outline. Where Appendix 8 contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 


2. C = O·Cto +70·C, VCC = 4.7SV to S.2SV, M = - SS·C to +12S·C, VCC = 4.S0V to S.SOV. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level 8-3 conforms to MIL- 


STD-883, 
Class 
B. 


4. 96 hours of burn-in. 
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Am291 0 
Microprogram 
Controller 


DISTINCTIVE CHARACTERISTICS 


• 
Twelve Bits Wide 
Address up to 4096 words of microcode with one chip. All 
internal elementsare a full 12 bits wide. 
• 
Internal Loop Counter 
Pre·settable 12-bit down-eounter for repeating instructions 
and counting loop iterations. 


• 
Four Address Sources 
Microprogram Address may be selectedfrom microprogram 
counter, branch addressbus, 5-level push/pop stack, or in- 
ternal holding register. 


• 
Sixteen Powerful Microinstructions 
Executes 16 sequence control instructions, most of which 
are conditional on external condition input, stateof internal 
loop coun~er,or both. 


• 
Output Enable Controls for Three Branch AddressSources 
Built-in decoder function to enable external devices onto 
branch addressbus. Eliminates external decoder. 
• 
All RegistersPositive Edge-triggered 
Simplifies timing problems. Eliminates long set-up times. 
• 
Fast Contrbl from Condition Input 
Delay from condition code input to address output only 
21ns typical. 


===> 
12·BIT 
DATA 
PATH 


--- 
CONTROL 
PATH 


GENERAL DESCRIPTION 


The Am2910 Microprogram controller is an addresssequencer 
intended for controlling the sequenceof execution of micro- 
instructions stored in microprogram memory. Besidesthe ca- 
pability of sequential access,it provides conditional branching 
to any microinstruction 
within 
its 4096-microword 
range. A 
last-in, first-out stack provides microsubroutine return linkage 
and looping capability; there are five levelsof nesting of micro- 
subroutines. Microinstruction 
loop count control is provided 


with a count capacity of 4096. 


During each microinstruction, 
the Microprogram controller 


provides a 12-bit addressfrom one of four sources: 
1) the 


microprogram address register (/lPC).,which usually contains 
an address one greater than the previous address; 2) an ex- 
ternal (direct) input (D); 3) a register/counter (R) retaining 
data loaded during a previous microinstruction; 
or 4) a five- 


deep last-in, first-out stack (F). 


For adetailed discussionof this architectural approachto micro- 
program control units, refer to "The Microprogramming Hand- 
book", an AMD applications publication. 
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for 
use 
i 
high-speed 
microprocessor 
applications. 
It allows 


addressin~ 
of up to 4K words 
of microprogram. 
A block dia- 


gram is s~own in Figure 1. 


The cont 
oller contains 
a four-input 
multiplexer 
that is used to 


select 
eit 
er the 
register/counter, 
direct 
input, 
microprogram 


counter, 
or stack 
as the 
source 
of the next microinstruction 


address. I 


The regis er/counter 
consists 
of 12 D-type, edge-triggered 
flip- 


flops, 
wi h a common 
clock 
enable. 
When 
its load control, 


R LD, is LOW, new data is loaded on a positive clock transition. 
A few 
i~structions 
include 
load; 
in most 
systems, 
these 
in- 


struction~ 
will be sufficient, 
simplifying 
the 
microcode. 
The 


output 
OJ the register/counter 
is available to the multiplexer 
as 


a source 
or the next microinstruction 
address. The direct input 


furnishes 
a source of data for loading the register/counter. 


The Am 
910 contains 
a microprogram 
counter 
(J,lPC) that 
is 
compose1 
of a 12-bit incrementer 
followed 
by a 12-bit register. 


The J,lPCIcan be used in either 
of two ways: 
When the carry-in 


to 
the 
imcrementer 
is HIGH, 
the 
microprogram 
register 
is 


loaded 
0 
the 
next 
clock 
cycle 
with 
the 
current 
Y output 


word 
plus one (Y + 1 ...•J,lPC). Sequential 
microinstructions 
are 
thus 
exetuted. 
When 
the 
carry-in 
is LOW, the 
incrementer 


passes thf 
Youtput 
word 
unmodified 
so that J,lPC is reloaded 


with the Fame Y word on the next clock cycle (Y ...•J,lPC). The 
same mioroinstruction 
is thus executed 
any number 
of times. 


The thir 
source 
for the 
multiplexer 
is the direct 
(D) input. 


This sour 
e is used for branching. 


The four 
h source available at the multiplexer 
input is a 5-word 


by 
12-bif 
stack 
(file). 
The 
stack 
is used 
to 
provide 
return 


address 
linkage 
when 
executing 
microsubroutines 
or 
loops. 


The stack contains 
a built-in 
stack 
pointer 
(SP) which 
always 


po'nts 
tol the last file word written. 
This allows stack reference 
olJeratio 
s (looping) 
to be performed 
without 
a pop. 


The 
stacf 
pointer 
operates 
as an 
up/down 
counter. 
During 


microins1ructions 
1, 4, and 5, the PUSH operation 
may occur. 


This 
ca1es 
the 
stack 
pointer 
to 
increment 
and 
the file to 


be 
writt 
n with 
the 
required 
return 
linkage. 
On 
the 
cycle 
followin 
the 
PUSH, the 
return 
data 
is at the 
new location 


pointed 
to by the stack pointer. 


During 
five 
microinstructions, 
a POP operation 
may occur. 
The 
stack 
pointer 
decrements 
at the 
next 
rising clock 
edge 
following 
a POP, effectively 
removing 
old 
information 
from 


the top of the stack. 


The stack 
pointer 
linkage 
is such that any sequence 
of pushes, 
pops, or stack 
references 
can be achieved. 
At RESET (Instruc- 


tion 
0), the 
depth 
of nesting 
becomes 
zero. 
For each PUSH, 


the 
nesting 
depth 
increases 
by one; 
for each POP, the depth 


decreases 
by one. The depth 
can grow to five. After a depth of 


five is reached, 
FULL goes LOW. Any further 
PUSHes onto a 
full stack 
overwrite 
information 
at the 
top of the stack, 
but 


leave the stack 
pointer 
unchanged. 
This operation 
will usually 
destroy 
useful 
information 
and 
is normally 
avoided. 
A POP 


from an empty 
stack 
may place non-meaningful 
data on the Y 


outputs, 
but 
is otherwise 
safe. 
The stack 
pointer 
remains 
at 


zero whenever 
a POP is attempted 
from a stack already empty. 


(8,9, 
15) as a 12-bit down counter, 
with result 
= zero available 
as a microinstruction 
branch 
test criterion. 
This provides 
effi- 
cient 
iteration 
of 
microinstructions. 
The 
register/counter 
is 


arranged 
such that 
if it is preloaded 
with a number 
N and then 


used as a loop termination 
counter, 
the sequence 
will be exe- 


cuted 
exactly 
N+1 times. 
During 
instruction 
15, a three-way 


branch 
under 
combined 
control 
of the loop counter 
and the 


condition 
code is available. 


The device 
provides 
three-state 
Y outputs. 
These can be par- 


ticularly 
useful 
in designs 
requiring 
automatic 
checkout 
of the 


processor. 
The microprogram 
controller 
outputs 
can be forced 


into the high-impedance 
state, 
and pre-programmed 
sequences 


of microinstructions 
can be executed 
via external 
access to the 


address lines. 


Table 
I shows the result of each instruction 
in controlling 
the 


multiplexer 
which determines 
the Y outputs, 
and in controlling 


the three 
enable 
signals 
PL, MAP, and VECT. 
The effect 
on 


the register/counter 
and the stack after the next positive-going 


clock 
edge is also shown. 
The 
multiplexer 
determines 
which 


internal 
source 
drives 
the 
Y outputs. 
The value 
loaded 
into 
J,lPC is either 
identical 
to the 
Y output, 
or else one greater, 


as determined 
by CI. For each instruction, 
one and only one 


of the 
three 
outputs 
PL, MAP, and 
VECT 
is LOW. If these 


outputs 
control 
three-state 
enables 
for the primary 
source 
of 


microprogram 
jumps 
(usually 
part 
of 
a 
pipeline 
register), 


a PROM 
which 
maps 
the 
instruction 
to 
a microinstruction 
starting 
location, 
and an optional 
third 
source 
(often 
a vector 


from a DMA or interrupt 
source), 
respectively, 
the three-state 
sources can drive the 0 inputs without 
further 
logic 


Several 
inputs, 
as shown 
in Table 
II, can modify 
instruction 
execution. 
The combination 
CC HIGH and CCEN LOW is used 
as a test 
in 9 of the 
16 instructions. 
R LD, when 
LOW, causes 


the 
0 input 
to be loaded 
into the 
register/counter, 
overriding 


any HOLD or DEC operation 
specified 
in the instruction. 
OE, 


normally 
LOW, may be forced 
HIGH to remove 
the Am2910 


Y outputs 
from a three-state 
bus. 


The stack, 
a five-word 
last-in, 
first-out 
12-bit memory, 
has a 
pointer 
which 
addresses 
the value presently 
on the top of the 
stack. 
Explicit 
control 
of the 
stack 
pointer 
occurs 
during 
in- 
struction 
0 (R ESET), which makes the stack empty 
by resetting 


the SP to zero. 
After 
a RESET, and whenever 
else the stack is 
empty, 
the 
contents 
of the 
top 
of stack 
is undefined 
until 
a 


PUSH occurs. 
Any 
POPs performed 
while the stack 
is empty 


put 
undefined 
data 
on 
the 
F outputs 
and 
leave the 
stack 


pointer 
at zero. 


Any time the stack 
is full (five more 
PUSHes than 
POPs have 
occurred 
since the 
stack 
was last empty), 
the 
FU LL warning 


output 
occurs. 
This signal first appears 
on the microcycle 
after 


a fifth 
PUSH. No additional 
PUSH should 
be attempted 
onto 
a full stack; 
if tried, 
information 
within 
the stack will be over- 
written 
and lost. 


Package Type 
Operating 
Range 
Screening 
Level 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2910PC 
P-40 
C 
C-1 
AM2910DC 
D-40 
C 
C-1 
AM2910DC-B 
D-40 
C 
B-2 (Note 4) 
AM2910DM 
D-40 
M 
C-3 
AM2910DM-B 
D-40 
M 
B-3 
AM2910FM 
F-42 
M 
C-3 
AM2910FM-B 
F-42 
M 
B-3 


AM2910XC 
Dice 
C 
} 


Visual inspection 
to MIL-STD-883 
AM2910XM 
Dice 
M 
Method 2010B. 


Notes: 
1. P = Molded 
DIP. D = Hermetic 
DIP. F = Flat Pak. Number 
following 
lelter is number 
of leads. See Appendix 
B for detailed 


outline. 
Where Appendix 
B contains 
several dash numbers. 
any of the variations 
of the package 
may be used unless otherwise 


specified. 
2. C = O°C to + 70°C , Vcc = 4.75V to 5.25V, M = - 
55°C to +125°C. 
Vcc = 4.50V to 5.50V. 
3. See Appendix 
A for details of screening. 
Levels C-1 and C-3 conform 
to MIL-STD-883. 
Class C. Level B-3 conforms 
to MIL- 


STD-883. 
Class B. 
4. 96 hour burn-in. 


2. 
2. 


23 


GND 


22 


21 
2. 


"18 
17 
,. 
Die Size 0.170" 
x 0.194" 


(Note: 
Numbers 
refer to DIP connections) 


REG/ 
FAIL 
PASS 
CNTR 
CCEN = LOW and CC = HIGH 
CCEN 
= HIGH 
or CC = LOW 
REG/ 
CON- 


13-10 
MNEMONIC 
NAME 
TENTS 
Y 
STACK 
Y 
STACK 
CNTR 
ENABLE 


0 
JZ 
JUMP 
ZERO 
X 
0 
CLEAR 
0 
CLEAR 
HOLD 
PL 
1 
CJS 
COND 
JSB PL 
X 
PC 
HOLD 
0 
PUSH 
HOLD 
PL 


2 
JMAP 
JUMP 
MAP 
X 
0 
HOLD 
0 
HOLD 
HOLD 
MAP 


3 
I 
CJP 
CONDJUMPPL 
X 
PC 
HOLD 
0 
HOLD 
HOLD 
PL 


4 
PUSH 
PUSH/COND 
LD CNTR 
X 
PC 
PUSH 
PC 
PUSH 
Note 
1 
PL 
5 
JSRP 
COND 
JSB R/PL 
X 
R 
PUSH 
0 
PUSH 
HOLD 
PL 
6 
CJV 
COND 
JUMP 
VECTOR 
X 
PC 
HOLD 
0 
HOLD 
HOLD 
VECT 


JRP 
COND 
JUMP 
R/PL 
X 
R 
HOLD 
0 
HOLD 
HOLD 
PL 


*0 
F 
HOLD 
F 
HOLD 
DEC 
PL 
8 
RFCT 
REPEAT 
LOOP, 
CNTR 
* 0 
=0 
PC 
POP 
PC 
POP 
HOLD 
PL 


*0 
0 
HOLD 
0 
HOLD 
DEC 
PL 
9 
RPCT 
REPEAT 
PL, CNTR 
* 0 
-0 
PC 
HOLD 
PC 
HOLD 
HOLD 
PL 
10 
CRTN 
COND 
RTN 
X 
PC 
HOLD 
F 
POP 
HOLD 
PL 
11 
CJPP 
COND 
JUMP 
PL & POP 
X 
PC 
HOLD 
0 
POP 
HOLD 
PL 


12 
LDCT 
LD CNTR 
& CONTINUE 
X 
PC 
HOLD 
PC 
HOLD 
LOAD 
PL 


13 
LOOP 
TEST 
END 
LOOP 
X 
F 
HOLD 
PC 
POP 
HOLD 
PL 
14 
CONT 
CONTINUE 
X 
PC 
HOLD 
PC 
HOLD 
HOLD 
PL 


*0 
F 
HOLD 
PC 
POP 
DEC 
PL 
15 
TWB 
THREE-WAY 
BRANCH 
-0 
0 
POP 
PC 
POP 
HOLD 
PL 


Note 
1: 
If CCEN;::: LOW and CC = HIGH, 
hold; 
else load. 
X = Don't 
Care 


OJ 
Ii 
CC 


CCEN 


OE 
CP 


VCC 
GND 


Yj 


FULL 
PL 


Direct Input Bit i 


Instruction 
Bit i 


Condition 
Code 


Condition 
Code Enable 


Carry-In 


Register 
Load 


Output 
Enable 


Clock 
Pulse 


+5 Volts 


Ground 


Microprogram 
Address Bit 
j 


Full 


Pipeline Address Enable 


Direct input to register/counter 
and multiplexer. 
DO is LSB 


Selects 
one-af-sixteen 
instructions 
for the Am291 
0 


Used 
as test 
criterion. 
Pass test 
is a LOW on ce. 


Whenever 
the signal is HIGH, 
CC is ignored and the part operates 
as though CC were true (LOW). 


Low order carry input to incrementer 
for microprogram 
counter 


When 
LOW forces loading of register/counter 
regardless of 


instruction 
or condition 


Three-state 
control 
of Yi outputs 


Triggers all internal state changes at LOW-to-HIGH 
edge 


Address to microprogram 
memory. 
YO is LSB, Y 11 is MSB 


Indicates that five items are on the stack 


Can select #1 source (usually Pipeline Register) as direct 
input source 


Can select #2 source (usually Mapping PROM 
or PLA) as 
direct input source 


Can select #3 source (for example, 
Interrupt 
Starting Address) 
as direct input source 


Storage TemPl1rature 
Temperature 
(f-mbientl 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage Applied to Outputs 
for High Output 
State 


DC Input Volthge 


DC Output 
Current, 
Into Outputs 


DC Input Curr~nt 
ELECTRICAL 
CHARACTERISTICS 
The Following 
Conditions 
Apply Unless Otherwise 
Specified: 


COM'L 
TA 
= O°c to +70oC 
VCC = 5.OV ±5% 
MIN. 
= 4.75V 
MAX. 
= 5.25V 


MIL 
TC~-55°Cto+125°C 
VCC~5.OV±10% 
MIN.=4.50V 
MAX.=5.50V 


DC CHARACTERISTICS 
OVER OPERATING 
RANGE 


-65°C 
to +150°C 


-55°C 
to +125°C 


-0.5V 
to +7.0V 


-0.5V 
to VCC max. 


-0.5V 
to +5.5V 


30mA 


-30 
mA to +5.0 mA 


Typ. 


(Note 
21 
Max. 


VOH 
Output 
HIGH 
Voltage 
VCC = MIN., 
IOH ~ -1.6mA 
2.4 
Volts 
VIN 
~ VIH 
or VIL 


VOL 
Output 
LOW Voltage 
VCC = MIN. 
I YO-11, 
IOL 
= 12mA 
0.5 
Volts 
VIN 
~ VIH 
or VIL I "PI.. VECT, 
MAP, 
FULL, 
IOL = 8mA 


VIH 
Input 
HIGH 
Level (Note 4) 
Guaranteed 
Input 
Logical 
HIGH 


2.0 
Volts 
voltage 
for all inputs 


VIL 
Input 
LOW Level (Note 4) 
Guaranteed 
input 
logical 
LOW 
0.8 
Volts 
voltage 
for all inputs 


VI 
Input 
Clamp 
Voltage 
VCC - MIN., 
IIN - -18mA 
-1.5 
Volts 


00-11 
-0.87 


CI, CCEN 
-0.54 


IlL 
Input 
LOW 
Current 
VCC ~ MAX., 
VIN 
~ 0.5V 
10-3, OE, RLO 
-0.72 
mA 


CC 
-1.31 


CP 
-2.14 


00-11 
80 


CI, CCEN 
30 


IIH 


I 


Input 
HIGH 
Current 
VCC ~ MAX., 
VIN 
= 2.7V 
10.3, OE, RLO 
40 
J-lA 


CC 
50 


CP 
100 


II 
Input HIGH 
Current 
VCC ~ MAX., 
VIN 
~ 5.5V 
1.0 
mA 


ISC 
Output 
Short Circuit Current 
VCC = MAX. 
(Note 
3) 
-30 
-85 
mA 


IOZL 
Output 
OFF Current 
VCC ~ MAX. 
VOUT 
- 0.5V 
-50 


IOZH 
OE=2.4V 
J-lA 
VOUT 
- 2.4V 
50 


I 
T A - 25°C 
195 
320 


Am2910PC, 
DC 


T A ~ O°C to +70°C 
344 


ICC 
Power 
Supply 
Cu rrent 
VCC = MAX. 
TA~+70°C 
280 
mA 


TC ~ -55°C 
to 
340 
Am29100M, 
FM 
+125°C 


TC~+125°C 
227 


I 
. . 
. . 
Notes. 
1. 
For 
c9ndltlons 
shown 
as M IN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
E lectrtcal 
Charactenstlcs 
for 
the 
applicable 
deVice 
type 
. 
2. Typical 
limits 
are at VCC = 5.QV, 25°C ambient and maximum loading. 


3. 
Not 
more 
than 
one output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


4. 
These 
input 
levels provide 
no guaranteed 
noise immunity 
and should 
only 
be tested 
in a static·, 
noise-free 
environment. 


See Tables 
A for ts and th for various 


inputs. 
See Tables 
B for combinational 


delays 
from 
clock 
and 
other 
inputs 
to 


outputs. 
See 
Figure 
5 for 
timing 
of a 


typical 
CCU cycle. 


The tables 
below 
define 
the Am2910 
switching 
characteristics. 
Tables 
A are set-up 
and hold times 
relative 
to the clock 
LOW-to-HIGH 


transition. 
Tables 
B are combinational 
delays. 
Tables 
C are clock 
requirements. 
All measurements 
are made 
at 1.5V with 
input levels 
at 


OV or 3V. All values 
are in ns. All outputs 
have 
maximum 
DC loading. 


Inpul 
Is 
Ih 


Di~R 
9 
4 


Dj -+ PC 
34 
3 


10-13 I 
64 
0 


CC I 
46 
0 


CCEN 
49 
0 


CI 
26 
2 


RLD 
18 
2 


Inpul 
y 
PL, VECr, 
MAP 
Full 


°0-°'1 
14 
- 
- 


10-13 
40 
27 
- 


CC 
21 
- 
- 


CCEN 
23 
- 
- 


CP (Note 2) 
54 
- 
29 


I ~ 8.9.15 
79 
- 
29 


CP 
26 
- 
29 
AU other I 


OE (Note 3) 
25/24 
- 
- 


Minimum Clock LOW Time 
30 
ns 


Minimum 
Clock HIGH Time 
30 
ns 


Minimum 
Clock 
Period, 
74 


I = 8. 9. 15 (Note 2) 
fgg 
ns 


Minimum Clock Period, 1= 14 
60 
ns 


II. 
GUARANTEED 
CHARACTERISTICS 
OVER 
COMMERCIAL 
OPERATING 
RANGE 


Am2910PC,DC 
(TA = O°C to +70°C, 
VCC = 4.75V 
to 5.25, 
CL = 50pF) 


Input 
Is 
Ih 


Dj-+R 
24 
6 


Dj-+ 
PC 
58 
4 


10-13 
104 
0 


CC 
I 
80 
0 


CCEr'f 
80 
0 


CI 
46 
5 


RLD 
36 
6 


Input 
y 
PL, VECr, 
MAP 
Full 


°0.0'1 
20 
- 
- 


10.13 
70 
51 
- 


CC 
43 
- 
- 


CCEN 
45 
- 
- 


CP (Note 2) 
100 
- 
60 


I ~ 8. 9. 15 
125 
- 
60 


CP 
55 
- 
60 
AU other I 


OE (Note 3) 
35/30 
- 
- 


Minimum 
Clock LOW Time 
50 
ns 


Minimum Clock HIGH Time 
35 
ns 


Minimum 
Clock 
Period. 
138 


I ~ 8, 9, 15 (Note 2) 
I-- 
ns 
163 


Minimum 
Clock Period. 1=14 
93 
ns 


III. 
GUARANTEED 
CHARACTERISTICS 
OVER 
MILITARY 
OPERATING 
RANGE 


Am2910DM,FM 
(Tc = -55°C 
to +125°C, 
VCC = 4.5V 
to 5.5V, 
CL = 50pF) 


Inpul 
Is 
Ih 


OJ -+R 
28 
6 


Dj -+ PC 
62 
4 


10-13 
110 
0 


CC 
86 
0 


CCEN 
86 
0 


CI 
58 
5 


RLD 
42 
6 


Input 
Y 
PL, VECr, 
MAP 
Full 


00.0" 
25 
- 
- 


10-13 
75 
58 
- 


CC 
48 
- 
- 


CCEN 
50 
- 
- 


CP (Note 2) 
106 
- 
67 
I ~ 8, 9,15 
130 
- 
67 


CP 
61 
- 
67 
All other I 


OE (Note 3) 
40/30 
- 
- 


Minimum Clock LOW Time 
58 
ns 


Minimum Clock HIGH Time 
42 
ns 


Minimum 
Clock 
Period, 
143 
ns 


J = 8. 9. 15 (Note 2) 
I--w 


Minimum Clock Period, 1=14 
100 
ns 


NOTES: 
1. Clock periods for instructions not specified are determined by external 


condi~ons. 
2. The~ 
instructions 
are conditional 
on the counter. 
Use the shorter 


spec if ed delay times 
if the previous 
instruction 
could 
produce 
no 


change in the counter or could only decrement 
the counter. Use the 


longer delays from CP to outputs if the instruction prior to the clock was 


4 or 12 or RLD was LOW. 
3. Enabie/Disable. 
Disable times measured 
to O.5V change on output 


voltage level with CL = 5.0pF. 


SOh 
51 


52 


53 
54 
30 


31 
SOh 
51 


52 


53 
20 


54 
21 


8 REPEAT 
lOOP, 
CNTR 
'" 0 (RFCT) 


STACK 
(PUSH) 


SO! 
51 


52 


53 


50F1 
STACK 
51 
@ 
52 
90 
53 
91 


54 
92 


55 
93 


t<: 


STACK 
50 
53 
51 


52 
REGISTER! 


53 
N 
COUNTER 


ft 


° 
51 


52 
53 
70 
80 


71 
81 


~ 


COUNTER 
SO 
(lDCT) 


51 


52 
53 


~ 


COUNTER 
SO 
N 


51 


52 


53 


62~4 
i;~s~~ 


63 
REGISTER! 


64 
N 
COUNTER 


65 
72 
66 
73 


~~ 


52 
53 
90 


91 


SO 
STACK 
52 
(PUSH) 
51 
52 
53 
54 
55 
56 
57 


The Am2910 
provides 
16 instructions 
which select the address 
of the 
ne t microinstruction 
to be executed. 
Four of the 
in- 


structions 
are unconditional 
- 
their 
effect 
depends 
only 
on 
the instruction. 
Ten of the instructions 
have an effect which is 
partially 
90ntrolled 
by an external, 
data-dependent 
condition. 
Three 
ofJhe 
instructions 
have an effect which 
IS partially 
con- 


trolled 
b 
the 
contents 
of the 
internal 
register/counter. 
The 
instruction 
set 
is shown 
in Table 
1. In this djscussion 
it is 
assumed 
that 
Cn is tied 
HIGH. 


In the 
te~ 
conditional 
instructions, 
th~esult 
of the 
data- 


dependent 
test is applied 
to CC. If the CC input 
is LOW, the 
test 
is considered 
to have been 
passed, 
and the action 
speci- 
fied 
in the name occurs; 
otherwise, 
the test has failed and an 
alternate 
foften 
simply 
the 
executio~of 
the 
nex.t sequential 


microlnstrluctlon) 
occurs. 
Testing 
of CC may be dls~bled for a 
specific m'croinstruction 
by setting CCEN HIGH, which uncon- 


ditionally 
forces 
the 
action 
specified 
in the 
name; 
that 
is, it 
forces 
a pass. Other 
ways of using CCEN include 
(1) tying 
it 


HIGH, whlich is useful if no microinstruction 
is data-dependent; 


(2) tying i~LOW if data-dependent 
instructions 
are never forced 
unconditionally; 
or 
(3) tying 
it to 
the 
source 
of 
Am2910 


instruction 
bit 
10, which 
leaves instructions 
4, 6, and 
10 as 
data-dependent 
but 
makes 
others 
unconditional. 
All of these 
tricks save one bit of microcode 
width. 


The effect 
of three 
instructions 
depends 
on the contents 
of the 
register/counter. 
Unless the 
counter 
holds 
a value of zero, 
it 


is decreminted; 
if it does hold zero, it is held and 
a different 


microprogram 
next 
address 
is selected. 
These 
instructions 
are 
useful for executing 
a microinstruction 
loop a known 
number 
of times. 
Instruction 
15 is affected 
both 
by the external 
con- 


dition cOdf and the internal 
register/counter. 


Perhaps 
tile 
best technique 
for understanding 
the Am2910 
is 
to simply Itake each 
instruction 
and 
review 
its operation. 
In 


order 
to 
provide 
some 
teel for the actual 
execution 
of these 
instructions, 
Figure 4 
is included 
and depicts 
examples 
of all 


16 instructions. 


The examples 
given in Figure 4 
should 
be interpreted 
in the 
following 
fnanner: 
The intent 
is to show microprogram 
flow 
as various 
microprogram 
memory 
words 
are 
executed. 
For 


example, 
the CONTINUE 
instruction, 
instruction 
number 
14, 
as shown i~ Figure 4, simply means that the contents 
of micro- 


program 
memory 
word 
50 is executed, 
then 
the contents 
of 


word 51 is executed. 
This is followed 
by the contents 
of micro- 
program 
~emory 
word 
52 and the contents 
of microprogram 


memory 
word 
53. 
The 
microprogram 
addresses 
used 
in the 
examples 
J.,ere arbitrarily 
chosen 
and have no meaning 
other 


than 
to show 
instruction 
flow. 
The exception 
to this 
is the 
first 
example, 
JUMP 
ZE RO, which 
forces 
the 
microprogram 


location 
counter 
to address 
ZERO. 
Each dot refers to the time 
that 
the 
contents 
of the 
microprogram 
memory 
word 
is in 
the 
pipeline 
register. 
While no special 
symbology 
is used for 


the 
conditional 
instructions, 
the 
text 
to follow 
will explain 
what 
the 
conditional 
choices 
are in each 
example. 


It might 
be appropriate 
at this time to mention 
that AMD has 
a microprogram 
assembler 
called 
AMDASM, 
which 
t,as the 
capability 
of ~sing the Am291 0 instructions 
in symbolic 
repre- 
sentation. 
AMDASM's 
Am2910 
instruction 
symbolics 
(or mne- 


monics) 
are given in Figure 4 for each instruction 
and are also 
shown 
in TFb1c I. 


Instruction 
0, JZ 
(JUMP 
and 
ZERO, 
or 
RESET) 
uncondi- 
tionally 
sPicifies 
that the address of the next microinstruction 


is zero. 
Many designs 
use this feature 
for power-up 
sequences 


and provide the power-up 
firmware 
beginning 
at microprogram 


memory 
word location 
O. 


Instruction 
1 is a CONDITIONAL 
JUMP-TO·SUBROUTINE 


via the 
address 
provided 
in the pipeline 
register. 
As shown 
in 


Figure 4, 
the 
machine 
might have executed 
words 
at address 


50, 51, and 52. When the contents 
of address 
52 is in the pipe- 


line register, 
the next address 
control 
function 
is the CONDI- 


TIONAL 
JUMP-TO-SUBROUTINE. 
Here, if the test is passed, 


the 
next 
instruction 
executed 
will be the contents 
of micro- FJ 
program 
memory 
location 
90. If the test has failed, the JUMP- 


TO-SUBROUTINE 
will not be executed; 
the contents 
of micro- 
program 
memory 
location 
53 will be executed 
instead. 
Thus, 


the 
CONDITIONAL 
JUMP-TO-SUBROUTINE 
instruction 
at 


location 
52 will cause the instruction 
either 
in location 
90 or 


in location 
53 to be executed 
next. 
If the TEST input is such 


that 
location 
90 is selected, 
value 53 will be pushed 
onto 
the 


internal 
stack. This provides 
the return 
linkage for the machine 
when 
the 
subroutine 
beginning 
at location 
90 is completed. 


In this example, 
the subroutine 
was completed 
at location 
93 
and 
a 
RETURN-FROM-SUBROUTINE 
would 
be found 
at 


location 
93. 


Instruction 
2 is the JUMP MAP instruction. 
This is an uncondi- 


tional 
instruction 
which 
causes the 
MAP output 
to be enabled 
so that 
the 
next 
microinstruction 
location 
is determined 
by 


the 
address 
supplied 
via the mapping 
PROMs. 
Normally, 
the 


JUMP 
MAP instruction 
is used at the 
end of the instruction 


fetch 
sequence 
for the 
machine. 
In the example 
of Figure 4, 
microinstructions 
at locations 
50, 51, 52, and 53 might have 


been the fetch 
sequence 
and at its completion 
at location 
53, 


the 
jump 
map 
function 
would 
be contained 
in the 
pipeline 


register. 
This example 
shows 
the 
mapping 
PROM outputs 
to 


be 
90; 
therefore, 
an 
unconditional 
jump 
to 
microprogram 
memory 
address 90 is performed. 


Instruction 
3, CONDITIONAL 
JUMP 
PIPELINE, 
derives 
its 


branch 
address 
from the pipeline 
register branch 
address value 


(BRO - 
BR11 
in Figure 2). This instruction 
provides 
a tech- 
nique 
for 
branching 
to 
various 
microprogram 
sequences 
de- 


pending 
upon 
the 
test 
condition 
inputs. 
Quite 
often, 
state 


machines 
are designed 
which 
simply 
execute 
tests 
on various 


inputs 
waiting 
for the condition 
to come true. 
When the true 


condition 
is reached, 
the machine 
then 
branches 
and executes 


a set 
of 
microinstructions 
to 
perform 
some 
function. 
This 


usually 
has the effect 
of resetting 
the input 
being tested 
until 
some point in the future. 
Figure 4 shows the conditional 
jump 


via the pipeline 
register 
address 
at location 
52. When the con- 


tents 
of microprogram 
memory 
word 
52 are in the 
pipeline 
register, 
the next address 
will be either 
location 
53 or location 


30 in this example. 
If the test 
is passed, the value currently 
in 


the 
pipeline 
register 
(3) will be selected. 
If the test 
fails, the 


next 
address 
selected 
will be contained 
in the microprogram 


counter 
which, 
in this example, 
is 53. 


Instruction 
4 is the PUSH/CONDITIONAL 
LOAD COUNTER 
instruction 
and is used primarily 
for setting 
up loops in micro- 


program 
firmware. 
In Figure 4, when 
instruction 
52 is in the 


pipeline 
register, 
a PUSH will be made onto 
the stack and the 


counter 
will be roaded 
based on the condition. 
When a PUSH 


occurs, 
the value pushed 
is always the next sequential 
instruc- 


tion address. 
In this case, the address 
is 53. If the test fails, the 


counter 
is not loaded; 
if it is passed, the counter 
is loaded with 


the value contained 
in the pipeline 
register branch address field. 


Thus, a single microinstruction 
can be used to set up a loop to 


be executed 
a specific 
number 
of times. 
Instruction 
8 will 


describe 
ho 
to use the pushed 
value and the register/counter 


for looping. 


Instruction 
5 is a CONDITIONAL 
JUMP-TO-SUBROUTINE 


via 
the 
register/counter 
or 
the 
conte"ts 
of 
the 
PIPELINE 


register_ As shown 
in Figure 4, a PUSH is always 
performed 


and 
one of Itwo subroutines 
executed. 
In this example, 
either 


the 
subroutine 
beginning 
at address 
80 or the subroutine 
be- 


ginning 
at ~ddress 
90 will be performed. 
A return-from-sub- 


routine 
(inhruction 
number 
10) 
returns 
the 
microprogram 


flow to address 
55. In order 
for this microinstruction 
cpntrol 


sequence 
to operate 
correctly, 
both the next address 
fields of 


instruction 
53 and the 
next 
address 
fields 
of instruction 
54 


would 
have to contain 
the proper 
value. Let's assume that the 


branch 
address 
fields of instruction 
53 ct>ntain the value 90 so 


that 
it will be in the Am2910 
register/counter 
when the con- 


tents 
of adpress 
54 are in the pipeline 
register. 
This requires 
that 
the 
injtruction 
at address 
53 load the 
register/counter. 


Now, durin 
the execution 
of instruction 
5 (at address 54), if 


the 
test 
fai ed, the 
contents 
of the 
register 
(value = 90) will 


select 
the 
ddress 
of the 
next 
microinstruction. 
If the test 


input 
passe, 
the 
pipeline 
register 
contents 
(value = 80) will 


determine 
he address 
of the 
next 
microinstruction. 
There- 


fore, this instruction 
provides 
the ability 
to select 
one of two 


subroutines 
to be executed 
ba<ed on a test condition. 


Instruction 
6 is a CONDITIONAL 
JUMP VECTOR 
instruction 


which 
prov des the capability 
to take the branch 
address from 


a third 
sou ce heretofore 
not 
discussed. 
In order 
for this in- 


struction 
to be useful, 
the Am2910 
output, 
VECT is used to 


control 
a three-state 
control 
input 
of a register, 
buffer, 
or 


PROM 
conltaining 
the 
next 
microprogram 
address. 
This 
in- 


struction 
provides one technique 
for performing 
interrupt 
type 
branching 
'It the microprogram 
level. Since this instruction 
is 


conditional) 
a pass causes 
the 
next address 
to be taken 
from 


the 
vector~ource, 
while failure 
causes the next address 
to be 


taken 
fro 
the 
microprogram 
counter. 
In the 
example 
of 


Figure 4, if the CONDITIONAL 
JUMP VECTOR 
instruction 
is 


contained 
~t location 
52, 
execution 
will continue 
at vector 


address 
20 If the CC input is LOW~nd 
the microinstruction 
at 


address 
53 
ill be executed 
if the CC input is HIGH. 


Instruction 
7 is a CONDITIONAL 
JUMP via the contents 
of 


the 
Am2910 
REGISTER/COUNTER 
or the 
contents 
of the 


PIPELINE 
egister. 
This instruction 
is very similar to instruc- 


tion 
5; the 
conditional 
jump-to-subroutine 
via R or PL. The 


major 
difference 
between 
instruction 
5 and 
instruction 
7 is 
that 
no 
push 
onto 
the 
stack 
is performed 
with 
7. Figure 4 


depicts 
this 
instruction 
as a branch 
to one of two 
locations 


depending 
on the 
test 
condition. 
The example 
assumes 
the 


pipeline 
register 
contains 
the 
value 
70 when 
the contents 
of 


address 
52 is being executed. 
As the contents 
of address 
53 is 
clocked 
into 
the pipeline 
register, 
the value 70 is loaded 
into 


the register/counter 
in the Am2910. 
The value 80' is available 


when 
the 
contents 
of address 
53 is in the 
pipeline 
register. 
Thus, control 
is transferred 
to either 
address 
70 or address 80 


depending 
on the test condition. 


Instruction 
8 is the 
REPEAT 
LOOP, COUNTER 
=1= ZERO 
in- 


struction. 
This microinstruction 
makes use ofthe 
decrementing 


capability 
of the register/counter. 
To be useful, some previous 


instruction, 
such as 4, must have loaded a count 
value into the 


register/counter. 
This 
instruction 
checks 
to see whethllr 
the 
register/counter 
contains 
a non-zero 
value. 
If so, the register/ 
counter 
is 
ecremented, 
and the 
address 
of the 
next 
micro- 


instruction 
is taken 
from the top of the stack. 
If the register 


counter 
co tains 
zero, 
the 
loop 
exit 
condition 
is occ}lring; 
control 
fall 
through 
to the 
next sequential 
microinstruction 


by selecting /-LPC;the stack is POP'd by decrementing 
the stack 


pointer, 
but 
the 
contents 
of the top 
of the stack 
are thrown 


away. 


An example 
of the 
REPEAT 
LOOP, COUNTER 
=1= ZERO 
in- 


struction 
is shown 
in Figure 4. 
In this example, 
location 
50 


most 
likely 
would 
contain 
a PUSH/CONDITIONAL 
LOAD 


COUNTER 
instruction 
which would 
have caused address 
51 to 


be PUSHed on the stack and the counter 
to be loaded with the 


proper value for looping the desired number 
of times. 


In this example, 
since the loop test is made at the end of the 


instructions 
to 
be 
repeated 
(microaddress 
54), 
the 
proper 


value to be loaded 
by the instructions 
at address 
50 is one less 


than 
the 
desired 
number 
of 
passes 
through 
the 
loop. 
This 


method 
allows a loop to be executed 
1 to 4096 
times. 
If it is 


desired 
to execute 
the 
loop 
from 
0 to 4095 
times, 
the firm- 


ware should 
be written 
to make the loop exit test immediately 


after loop entry. 


Single-microinstruction 
loops 
provide 
a highly 
efficient 
capa- 


bility for executing 
a specific microinstruction 
a fixed number 


of times. 
Examples 
include 
fixed 
rotates, 
byte 
swap, 
fixed 


point multiply, 
and fixed point divide. 


Instruction 
9 is the REPEAT 
PIPELINE 
REGISTER, 
COUNT- 
ER 
=1= ZERO 
instruction. 
This instruction 
is similar to instruc- 


tion 
8.except 
that 
the 
branch 
address 
now comes 
from 
the 


pipeline 
register rather 
than the file. In some cases, this instruc- 


tion 
may 
be thought 
of as a one-word 
file extension; 
that 
is, 


by using this instruction, 
a loop with the counter 
can still be 


performed 
when subroutines 
are nested five deep. This instruc- 


tion's 
operation 
is very similar to that of instruction 
8. The dif- 


ferences 
are that 
on this 
instruction, 
a failed 
test 
condition 


causes 
the 
source 
of the 
next 
microinstruction 
address 
to be 


the 
D inputs; 
and, 
when the test condition 
is passed, this in- 
struction 
does 
not 
perform 
a POr 
because 
the 
stack 
is not 


being used. 


In the example 
of Figure 4, the REPEAT 
PIPELINE, 
COUNT- 


ER 
=1= ZERO 
instruction 
is instruction 
52 and 
is shown 
as a 


single microinstruction 
loop. 
The 
address 
in the pipeline 
reg- 


ister would 
be 52. Instruction 
51 in this example 
could be the 


LOAD COUNTER 
AND CONTINUE 
instruction 
(number 
12). 


While 
the 
example 
shows 
a single microinstruction 
loop, 
by 
simply 
changing 
the 
address 
in a 
pipeline 
register, 
muFti- 
instruction 
loops can be performed 
in this manner 
for a fixed 


number 
of times as determined 
by the counter. 


Instruction 
10 is the conditional 
RETURN-FROM-SUBROU- 
TINE instruction. 
As the name implies, this instruction 
is used 


to branch 
from the subroutine 
back to the next microinstruc- 
tion 
address 
following 
the 
subroutine 
call. Since this instruc- 


tion 
is conditional, 
the return 
is performed 
only 
if the test 
is 


passed. 
If the test is failed, the next sequential 
microinstruction 


is performed. 
The example 
in Figure 4 depicts 
the use of the 


conditional 
RETURN-FROM-SUBROUTINE 
instruction 
in 


both 
the conditional 
and the unconditional 
modes. 
This exam- 


ple first shows a jump-to-subroutine 
at instruction 
location 
52 


where 
control 
is transferred 
to location 
90. At location 
93, a 


conditional 
R ETU RN-F ROM-SUBROUTIN 
E 
instruction 
is 


performed. 
If the test 
is passed, the stack 
is accessed 
and the 


program 
will transfer 
to the next 
instruction 
at address 
53. If 


the test 
is failed, the next 
microinstruction 
at address 
94 will 


be executed. 
The program 
will continue 
to address 
97 where 


the 
subroutine 
is complete. 
To 
perform 
an 
unconditional 


RETURN-'FROM-SUBROUTINE, 
the 
conditional 
RETURN- 
F ROM-SUBROUTI 
NE instruction 
is executed 
unconditionally; 


the 
microinstruction 
at 
address 
97 
is programmed 
to force 


CCEN HIGH, disabling 
the test and the forced 
PASS causes an 


unconditional 
return. 


Instructiol") 
11 is the CONDITIONALJUMP 
PIPELINE 
register 


address 
anl:J POP stack 
instruction. 
This instruction 
provides 
another 
te~hnique 
for loop termination 
and stack maintenance. 
The example 
in Figure 4 shows a loop being performed 
from 


address 
5~ back to address 
51. The instructions 
at locations 
52, 


53, and 51 are all conditional 
JUMP and POP instructions. 
At 


address 
52, 
if the 
CC input 
is LOW, a branch 
will be made 
to address 
70 and the stack will be properly 
maintained 
via a 
POP. Sho~ld 
the 
test 
fail, the instruction 
at location 
53 (the 
next 
sequential 
instruction) 
will 
be executed. 
Likewise, 
at 


address 
53, either 
the 
instruction 
at 90 or 54 will be subse- 


quently 
executed, 
respective 
to the test being passed or failed. 
The instruction 
at 54 follows the same rules, going to either 80 


or 
55. 
Ani instruction 
sequence 
as described 
here, 
using the 
CONDITIONAL 
JUMP PIPELINE 
and POP instruction, 
is very 
useful when several 
inputs 
are being tested 
and the micropro- 
gram 
is looping 
waiting 
for any of the inputs 
being tested 
to 
occur 
before 
proceeding 
to another 
sequence 
of instructions. 
This provides 
the powerful 
jump-table 
programming 
technique 
at the firmware 
level. 


Instruction 
12 is the 
LOAD COUNTER 
AND CONTINUE 
in- 
struction, 
Jvhich simply 
enables 
the counter 
to be loaded with 


the value a~ its parallel 
inputs. 
These 
inputs are normally 
con- 
nected 
to 
the 
pipeline 
branch 
address 
field 
which 
(in the 
architectur~ 
being 
described 
here) 
serves 
to supply 
either 
a 
branch 
address 
or a counter 
value depending 
upon the micro- 
instruction 
being executed. 
There are altogether 
three ways of 
loading 
the counter 
- 
the explicit 
load by this instruction 
12; 
the conditi~load 
included 
as part of instruction 
4; and the 
use of the IRLD input 
along with 
any instruction. 
The use of 


R LD with any instruction 
overrides 
any counting 
or decremen- 
tation 
specified 
in the instruction, 
calling for a load instead. 
Its 
use provides 
additional 
microinstruction 
power, at the expense 
of 
one bit of microinstruction 
width. 
This instruction 
12 is 
exactly 
equivalent 
to the 
combination 
of instruction 
14 and 
R LD LOW. 
Its purpose 
is to provide 
a sim pie capability 
to 
load the 
rep'ister/counter 
in those 
implementations 
which 
do 
not provide 
microprogrammed 
control 
for R LD. 


Instruction 
13 is the TEST 
END-OF-LOOP 
instruction, 
which 
provides 
the 
capability 
of conditionally 
exiting 
a loop at the 
bottom; 
that 
is this is a conditional 
instruction 
that will cause 
the 
microprogram 
to 
loop, 
via the 
file, 
if the 
test 
is failed 
else 
to 
continue 
to 
the 
next 
sequential 
instruction. 
The 
example 
in Figure 
4 shows 
the TEST END-OF-LOOP 
micro- 
instruction 
at address 
56. 
If the 
test fails, the microprogram 


will branch 
to address 
52. Address 
52 is on the stack because 
a PUSH 
instruction 
had 
been executed 
at address 
51. If the 
test 
is passed at instruction 
56, the loop is terminated 
and the 
next 
sequential 
microinstruction 
at address 
57 
is executed, 
which 
also causes the stack to be POP'd; thus, 
accomplishing 
the required 
stack maintenance. 


Instruction 
14 is the 
CONTINUE 
instruction, 
which 
simply 
causes the microprogram 
counter 
to increment 
so that the next 
sequential 
microinstruction 
is executed. 
This 
is the 
simplest 


microinstruction 
of all and should 
be the default 
instruction 


which the firmware 
requests 
whenever 
there 
is nothing 
better 


to do. 


Instruction 
15, THREE-WAY 
BRANCH, 
is the most complex. 


It provides 
for testing 
of both a data-dependent 
condition 
and 


the 
counter 
during 
one 
microinstruction 
and provides 
for se- 


lecting among one of three 
microinstruction 
addresses 
as the 


next 
microinstruction 
to be performed. 
Like instruction 
8, a 


previous 
instruction 
will have loaded a count 
into the registerl 


counter 
while 
pushing 
a microbranch 
address 
onto 
the stack. 


Instruction 
15 
performs 
a decrement-and-branch 
-until-zero 


function 
similar 
to instruction 
8. The 
next 
address 
is taken 


from 
the 
top 
of the 
stack 
until the count 
reaches 
zero; then 


the 
next 
address 
comes 
from the pipeline 
register. 
The above 
action 
continues 
as long as the test corrdition 
fails. If at any 


execution 
of instruction 
15 the 
test 
condition 
is passed, 
no 


branch 
is taken; 
the 
microprogram 
counter 
register 
furnishes 


the next 
address. 
When the loop is ended, 
either 
by the count 
becoming 
zero, or by passing the conditional 
test, the stack is 


POP'd 
by decrementing 
the stack 
pointer, 
since interest 
in the 
value contained 
at the top of the stack is then complete. 


The 
application 
of 
instruction 
15 can enhance 
performance 


of a variety 
of machine-level 
instructions. 
For instance, 
(1) a 


memory 
search 
instruction 
to be terminated 
either 
by finding 
a desired 
memory 
content 
or 
by 
reaching 
the 
search 
limit; 


(2) 
variable-field-Iength 
arithmetic 
terminated 
early 
upon 


finding 
that 
the 
content 
of the 
portion 
of the 
field still un- 


processed 
is all zeroes; 
(3) key search 
in a disc controller 
pro- 
cessing variable 
length 
records; 
(4) normalization 
of a floating 


point number. 


As one example, 
consider 
the case of a memory 
search instruc- 


tion. 
As shown 
in Figure 4, the instruction 
at microprogram 
address 
63 can be Instruction 
4 (PUSH). 
which 
will push the 


value 64 onto the microprogram 
stack and load the number 
N, 


which 
is one less than 
the number 
of memory 
locations 
to be 
searched 
before 
giving 
up. 
Location 
64 contains 
a microin- 
struction 
wh ich fetches 
the 
next 
operand 
from 
the 
memory 
area to be searched 
and compares 
it with the search key. Loca- 


tion 65 contains 
a microinstruction 
which tests the result of the 
comparison 
and also is a THREE-WAY 
BRANCH 
for micro- 


program 
control. 
If no match 
is found, 
the test 
fails and the 


microprogram 
goes back to location 
64 for the next operand 


address. 
When 
the 
count 
becomes 
zero, 
the 
microprogram 


branches 
to location 
72, which 
does whatever 
is necessary 
if 


no match 
is found. 
If a match 
occurs on any execution 
of the 


THREE-WAY 
BRANCH 
at location 
65, control 
falls through 


to location 
66 which handles this case. Whether 
the instruction 
ends by finding a match or not, the stack will' have been POP'd 
once, removing the value 64 from the top of the stack. 


ARCHITECTURES 
USING THE Am2910 


(Shading shows path(s) which usually limit speed) 


Figure 5. 


One level Pipeline Based 


(Recommended) 


One level pipeline provides better speed than most other architectures. The ",Program Memory and the 
Am2901 array are in parallel speed paths instead of in series. This is the recommended architecture for 
Am2900 designs. 


PIPELINE 


REGISTER 
OUTPUT 


Am2910 


INSTRUCTION 


INPUTS 


5n. 


REGISTER 


SET·UP 
TIME 


Typical 
CCU Cycle Timing Waveforms. 


This drawing shows the timing relationships in the CCU illustrated above. 


OTHER ARCHITECTURES 
USING THE Am2910 


(Shading shows path(s) 
which usually 
limit speed) 


Figure 6. 


A Register at the 
Microprogram 
Memory 
output 
contains 
the 
microinstruction 
being executed. 
The microprogram 
memory 
and Am2901 
delay are in series. Conditional 
branches 
are exe- 


cuted 
on 
ame 
cycle 
as the 
ALU 
operation 
generating 
the 
condition. 


The Status [Register provides 
conditional 
Branch control 
based 
on results 
of previous 
ALU cycle. The Microprogram 
Memory 
and Am2901 
are in series in the critical 
paths. 


The 
Register 
at the 
Am2910 
output 
contains 
the address 
of 


the microinstruction 
being executed. 
The Microprogram 
Mem- 


ory and 
Am2901 
are in series in the critical 
path. 
This archi- 


tecture 
provides 
about 
the same speed as the Instruction 
based 
architecture, 
but 
requires 
fewer 
register 
bits, 
since 
only 
the 
address 
(typically 
10-12 bits) is stored 
instead 
of the instruc- 
tion 
(typically 
40-60 
bits). 


Two 
level pipeline 
provides 
highest 
possible 
speed. 
It is more 


difficult 
to program 
because the selection 
of a microinstruction 


occurs two instructions 
ahead of its execution. 


Distinctive Characteristics 


I 


• 
Input to bus is inverting 
• 
Quad 
hig~-speed 
open 
collector 
bus transceiver 
• 
Driver 
outputs 
can sink 100mA 
at 0.8V maximum 


• 
Bus compatible 
with Am2905, 
Am2906, 
Am2907 


The Am2912 is a quad Bus Transceiver consisting of four high- 
speed bus drivers with open-collector outputs capable of sinking 
100mA at 0.8 volts and four high-speed bus receivers. Each 
driver output is connected internally to the high-speed bus re- 
ceiver in addition to being connected to the package pin. The 
receiver 
has a Schottky 
TTL output 
capable 
of driving 
10 


Schottky TTL unit loads. 


An active Low enable gate controls the four drivers so that 
outputs of different device drivers can be connected together for 
party-line operation. The enable input can be conveniently driven 
by active L,OW decoders such as the Am25LS139. 


The bus oLtput high-drive capability in the LOW state allows 
party-line operation with C\ line impedance as low as 100ft 
The 


line can be terminated at both ends, and still give considerable 
noise margin at the receiver. The receiver typical switching point 
is 2.0 volts 


The 
Am2 
12 features 
advanced 
Schottky 
processing 
to 
minimize propagation delay. The device package also has two 
ground pins to improve ground current handling and allow close 
decoupling 
between 
Vcc 
and ground at the package. 
Both 
GND, and GND2 should be tied to the ground bus external to the 
device package. 


CONNECTION 
DIAGRAM 
Top View 


• 
Advanced 
Schottky 
processing 
• 
PNP inputs to reduce 
input loading 
• 
100% reliability 
assurance 
testing 
in compliance 
with 


MIL-STD-883 


20 
3 


Am2912 
Z1 
6 


TAA~~t~VER 
Z2 
10 


Z3 
14 


Vcc 
= Pin 16 


GND1 
= Pin 
1 


GND2 
"" Pin 
8 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Volta~e to Ground 
Potential 


DC Voltage ~pplied 
to Outputs 
for High Output 
State 


DC Input Vol~age 


Output 
Current, 
Into Bus 


Output 
Current, 
Into Outputs 
(Except 
Bus) 
DC Input Cu~rent 


ELECTRlclL 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless Otherwise 
Noted) 


_65°C 
to +150°C 


_55°C 
to +125°C 


-0.5V 
to +7V 


-0.5V 
to +VCC max. 


-0.5V 
to +5.5V 


200mA 


30mA 
-30 mA to +5.0 mA 


T A = aOc to +70oC 
TA = -5SoC 
to +12SoC 
Vcc 
= 5.0V 
±5% 
(COM'L) 


VCC=5.0V±10% 
(MIL) 


Output 
HIGH 
Voltage 
VCC ~ MIN.,IOH 
= -1.0mA 
MIL 
2.5 
3.4 
VOH 
Volts 
(Receiver 
Outputs) 
VIN 
~ VIL 
or VIH 
COM'L 
2.7 
3.4 


VOL 
Output 
LOW Voltage 
VCC ~ MIN., 
10L = 20mA 
0.5 
Volts 
(Receiver 
Outputs) 
VIN 
~ VIL 
or VIH 


VIH 
I Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
(Except 
Bus) 
for all inputs 


VIL 
I nput 
LOW Level 
Guaranteed 
input 
logical 
LOW 
0.8 
Volts 


(Except 
Bus) 
for all inputs 


VI 
Input 
Clamp 
Voltage 
VCC = MIN., 
IIN 
~ -18mA 
-1.2 
Volts 
(Except 
Bus) 


I nput 
LOW Current 
Enable 
-0.36 
IlL 
VCC = MAX., 
VIN 
= O.4V 
mA 
(Except 
Bus) 
Data 
-0.54 


IIH 
Input 
HIGH 
Current 
VCC ~ MAX., 
VIN 
~ 2.7V 
Enable 
20 


(Except 
Bus) 
JlA 
Data 
30 


II 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
~ 5.5V 
100 
JlA 
(Except 
Bus) 


Output 
Short 
Circuit 
Current 
MIL 
-20 
-55 
'SC 
(Except 
Busl 
VCC ~ MAX. 
(Note 
3) 
mA 
COM'L 
-18 
-60 


'CCL 
Power 
Supplv 
Current 
VCC = MAX. 
, 
45 
70 
mA 
(All 
Bus Outputs 
LOW) 
Enable = GND 


Typ. 


(Note 
2) 


taL 
= 40mA 
0.33 
0.5 


MIL 
10L ~ 70mA 
0.42 
0.7 


10L ~ 100mA 
0.51 
0.8 
VOL 
Output 
LOW Voltage 
VCC ~ MIN. 
Volts 


10L = 40mA 
0.33 
0.5 


COM'L 
10L ~ 70mA 
0:42 
0.7 


10L -100mA 
0.51 
0.8 


Va 
= 0.8V 
-50 


10 
Bus Leakage 
Current 
VCC = MAX. 
MIL 
Va 
~ 4.5V 
200 
JlA 


COM'L 
Va 
- 4.5V 
100 


10FF 
Bus Leakage Current 
(Power Offl 
Va 
~ 4.5V 
100 
JlA 


Bus Enable = 2.4V 
MIL 
2.4 
2.0 


VTH 
Receiver 
Input 
HIGH 
Threshold 
VCC=MAX 
Volts 
COM'L 
2.25 
2.0 


VTL 
Receiver 
Input 
LOW ThrestlOld 
Bus Enable = 2.4V 
MIL 
2.0 
1.6 


VCC = MIN 
Volts 
COM'L 
2.0 
1.75 


Notes: 
1. 
For 
CO~ditions 
shown 
as MI N. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typical 
limits 
are at VCC:::: 5:0V, 2SoC 
ambient 
and 
maximum 
loading. 


3·1 Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


Am2912 


SWITCHING 
CHARACTERISTICS 
(TA = 25°C, 
VCC = 5.QV) 


tplH 
10 
15 
Data Input to Bus 
ns 
tpHl 
Rs = 5011 
10 
15 


tPlH 
Cs = 50pF (Note 1) 
14 
16 
Enable Input to Bus 
ns 
tpHl 
13 
16 


tplH 
Rs = 5011, Rl = 26011 
10 
15 
Bus to Receiver Out 
Cs = 50pF (Note 1), Cl 
= 15pF 
ns 
tpHl 
10 
15 


tr 
Bus 
Rs = 5011 
4.0 
10 
ns 


tf 
Bus 
Cs = 50pF (Note 1) 
2.0 
4.0 
ns 


H = HIGH 
Voltage 
Level 


L = LOW 
Voltage 
Level 


X = Don't 
Care 


Y = Voltage 
Level 
of 
Bus (Assumes 
Control 
by 


Another 
Bus Transceiver) 


Order 
Package Type 
Operating 
Range 
Screening 
Level 


Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2912PC 
P-16-1 
C 
C-1 
AM2912DC 
0-16-1 
C 
C-1 
AM2912DC-B 
0-16-1 
C 
B-1 


AM2912DM 
0-16-1 
M 
C-3 
AM2912DM-B 
0-16-1 
M 
B-3 


AM2912FM 
F-16-1 
M 
C-3 
AM2912FM-B 
F-16-1 
M 
B-3 


AM2912XC 
Dice 
C 
} 
Visual inspection 


AM2912XM 
Dice 
M 
to MIL-STD-663 
Method 2010B. 


Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix Bfordetailed 
outline. Where Appendix B 


contains several dash numbers, any of the variations 
of the package may be used unless otherwise 
specified. 
2. C = 0 to 70"C, VCC = 4.75V to 5.25V, M = -55 
to + 125°C, VCC = 4.50V to 5.50V. 
3. See Appendix 
A for details of screening. 
Levels C-1 and C-3 conform to MIL-STD-663, 
Class C. Level B-3 conforms to MIL-STD-663, 
Class B. 


TYPICAL 
PERFORMANCE 
CURVES 


Typical Bus Output Low Voltage 
Receiver Threshold Variation 
Versus Ambient Temperature 
w 
Versus Ambient Temperature 
~ 


~ 
0 
2.5 
1.0 
I 
I 
I 
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IT 
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0 
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= 5.5V 
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T A '- 
AMBIENT 
TEMPERATURE 
_ °c 
... 


T A - 
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TEMPERATURE 
_ °c 
> 
BLI-064 
I 


BLI-OSS 


I 
TYPICAL 
APPLICATION 


STROBE~ 
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G 
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lOon PARTt.lINE 
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0.059" 
X 0.075" 


ClI 


15PF 


(Note 
1) 


I INPUT ===1 
1 
\=::: 


ov 


i 
\ 


3.0V 
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1.5V 


r- ~ 
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t='PHl 


OV 
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tPHl---l 


VOH 
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\ 


2.0V 


'PHl~ 
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r;'PLH 
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VOH 
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\ 
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l.5V 


VOL 


BLI-068 


D·· 
. 
·Clh 
.. 
Istlnctlve 
aractenstlcs 
• 
Encodes eight lines to three-line binary 
• 
Expands use of Am2914 
• 
Cascadable 
• 
Similar i'1'function to Am54LS!74LS/25LS148/2513 


• 
Gated three-state output 
• 
Advanced Low-Power Schottky processing 


• 
100% reliability 
assurancetesting in compliance with 


MIL-STD-883 


The 
LowJower 
Schottky 
Priority 
Interrupt 
Expander 
is an 


extention 
of 
the Am2900 
series of 
Bipolar 
Processor family 


and is use 
to expand and prioritize 
the output 
ofthe 
Am2914 


Priority 
Interrupt 
circuit. 
Affording 
an increase of 
vectored 
priority 
interrupt 
in groups 
of 
eight, 
this 
unit 
accepts active 
LOW 
inputs 
and produces 
a three·state 
active 
HIGH 
output 


prioritized 
from 
active I] to 10. 
The output 
is gated by five 
control 
si~nals, three 
active ..!:OW and two 
active 
H~H. 
Also 
provided 
is a cascade input 
(E I) and Enable Output 
(EO). 


One Am2913 
will accept and encode group signal lines from 
up 
to 8 Am2914's 
(64 levels of interrupt). 
Additional 
Am2913's 
may be used to encode more interrupt 
levels. 


CONNECTION 
DIAGRAM 


Top View 


Am2913 


ELECTRICAL 
CHARACTERISTICS 


The Following 
Conditions 
Apply 
Unless Otherwise 
Specified: 


COM'L 
T A::: 
aOc to +70oC 
Vcc 
= 5.QV 
±5% 
MIN. 
= 4.75V 


MI L 
T A = -5SoC 
to 
+12SoC 
Vcc 
= 5.QV 
±10% 
MIN. 
= 4.50V 


DC CHARAfTERISTICS 
OVER OPERATING 
RANGE 


Parameters 
Description 
Test Conditions 
(Note 1) 
Typ. 


(Note 2) 


MIL, IOH ~ -1.0mA 
2.4 
3.4 


VCC ~ MIN. 
COM'L. IOH = -2.6mA 
2.4 
3.2 
Volts 
VOH 
Output HIGH Voltage 
VIN = VIH or VIL 
_ 
IMIL 
2.5 
3.4 
EO. IOH = -440"A 
I COM'L 
2.7 
3.4 


VCC = MIN. 
tOL ~4.0mA 
0.4 


VOL 
Output LOW Voltage 
VIN = VIH or VIL 
IOL ~ 8.0mA 
0.45 
Volts 


IOL -12mA(An 
Outputs) 
0.5 


VIH 
Input HIGH Level 
Guaranteed input logical HIGH 
2.0 
Volts 
voltage for all inputs 


Guaranteed input logical LOW 
I MIL 
0.7 


VIL 
Input LOW Level 
voltage for all inputs 
Volts 
I COM'L 
0.8 


VI 
Input Clamp Voltage 
VCC = MIN.,IIN 
~ -18mA 
-1.5 
Volts 


VCC ~ MAX. 
EI.G1.G2,G3.G4,G5,10 
0.4 
IlL 
Input LOW Current 
mA 
VIN ~ O.4V 
All others 
0.8 


VCC = MAX. 
EI,G1,G2.G3,G4,G5,10 
20 
ItH 
Input HIGH Current 
VIN ~ 2.7V 
"A 
All others 
40 


VCC = MAX. 
EI,G1.G2,G3,G4,G5,10 
0.1 
II 
Input HIGH Current 
mA 
VIN ~ 7.0V 
All others 
0.2 


Off-State (High-Impedance) 
Vo ~ O.4V 
-20 
10 
Output 
Current 
VCC = MAX. 


Vo -2.4V 
"A 
20 


ISC 
Output Short Circuit Current 
VCC ~ MAX. 
-15 
-85 
mA 
(Note 3) 


ICC 
rower Supply Current 
VCC = MAX. 
15 
24 
mA 
Note 4) 


Notes: 
1. 
For 
conditions 
shown 
as MI N. or 
MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typical 
limits are at VCC = 5.QV. 2SoC ambient 
and maximum 
loading. 


3. 
Not 
more 
than 
one output 
should 
be shorted 
at a time. 
Duration 
of the short 
circuit 
test should 
not exceed 
one second. 
4. 
All inputs 
and outputs 
open. 


Package Type 
Operating Range 
Screening level 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2913PC 
P-20 
C 
C-1 
AM29130C 
0-20 
C 
C-1 
AM29130C-B 
0-20 
C 
B-1 
AM29130M 
0-20 
M 
C-3 
AM29130M-B 
0-20 
M 
B-3 
AM2913FM 
F-20 
M 
C-3 
AM2913FM-B 
F-20 
M 
B-3 


AM2913XC 
Dice 
C 
} 


Visual inspection 
to Mll-STO-883 
AM2913XM 
Dice 
M 
Method 2010B. 


Notes' 1 
P = Molded DIP, D - 
Hermetic 
DIP, F - 
Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 


Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = O°Cto +70°C, VCC = 4.75V to 5.25V, M = - 55°C to +125°C, Vcc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. levels 
C-1 and C-3 conform to Mll-STO-883, 
Class C. Level B-3 conforms to Mll-STO-883, 


Class B. 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage 
Tem~rature 
Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
Continuous 


DC Voltage 
Applied 
to Outputs 
for High Output 
State 


DC Input Voltage 


DC Output 
Current. 
Into Outputs 


DC Input Current 


-65°C 
to +150°C 


_55°C 
to +12?oC 


-0.5V 
to +7.0V 


-0.5V 
to +Vcc 
max. 


-O.5V 
to +7.0V 


30mA 


-30 
mA to +5.0 mA 


SWITCHING 
CHARACTERISTICS 


(TA: 
+25°C, 
VCC: 
5.0V) 
Parameters 
Description 


tPLH 
T; to An On·phasel 
17 
25 
ns 
tPHL 
17 
25 


tPLH 
T; to An (Out·phase) 
11 
17 
ns 
tpHL 
12 
18 


tpLH 
T; to EO 
7.0 
11 
ns 


tpHL 
24 
36 


tpLH 
- 
- 
11 
17 
CL: 
15pF 
EI to EO 
ns 
tpHL 
23 
34 
RL = 2.0kn 


tPLH 
Ei to An 
12 
18 
ns 
tPHL 
14 
21 


tZH 
23 
40 
G1 or G2 to An 
ns 
tZL 
20 
37 


tZH 
- 
- - 
20 
30 


G3. G4. G5 to An 
ns 
tZL 
18 
27 


tHZ 
17 
27 
G1 or G2 to An 
ns 
tLZ 
19 
28 
CL = 5.0pF 


tl+Z 
- - - 
16 
24 
RL ~ 2.0kn 
G3. G4. G5 to An 
ns 
tLZ 
18 
27 


SWITCHING 
CHARACTERISTICS 
Am2913 
COM'L 
Am2913MIL 
OVER OPERATING 
RANGE* 


TA: 
O°C to +70°C 
TA: 
_55°C 
to +125°C 
VCC: 
5.0V ±5% 
VCC: 
5.0V ±10% 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test Conditions 


tPLH 
T; to An (In-phasel 
31 
37 


30 
ns 
tpHL 
34 


tPLH 
T; to An (Out-phase) 
22 
27 
ns 
tPHL 
22 
25 


tPLH 
T; to EO 
15 
18 


I 


ns 
tpHL 
48 
60 


tPLH 
- 
- 
19 
21 
CL = 50pF 
EI to EO 
ns 
tpHL 
46 
57 
RL ~ 2.0kn 


tPLH 
Ei to An 
22 
25 
ns 
tPHL 
27 
32 


tZH 
42 
49 
G1 or G2 to An 
ns 
tZL 
43 
49 


tZH 
(;3. <34• <35 to An 
36 
43 


35 


ns 
tZL 
43 


tHZ 
G1 or G2 to An 
34 
40 
ns 
tLZ 
34 
40 
CL ~ 5.0pF 
tHZ 
(;3. (;4. <35 to An 
30 
35 
RL = 2.0kn 


tLZ 
31 
ns 


35 


Enable 
input 
provided 
to allow cascaded 
oper- 
ation 
Enable output 
provided 
to enable the next lower 


order priority 
chip 
Active high three-state 
output 
controls 
Active low three-state 
output 
controls 
Active low encoder 
inputs 


G1. G2 
G3.<34.G5 
10-7 


Inputs 
Outputs 


El 
10 I, 
IZ 
13 
I. 
Is 
I. 
17 
AO 
A, 
AZ 
EO 


H 
X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
L 
H 


L 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 


L 
X 
X 
X 
X 
X 
X 
X 
L 
H 
H 
H 
H 


L 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
H 
H 


L 
X 
X 
X 
X 
X 
L 
H 
H 
H 
L 
H 
H 


L 
X 
X 
X 
X 
L 
H 
H 
H 
L 
L 
H 
H 


L 
X 
X 
X 
L 
H 
H 
H 
H 
H 
H 
L 
H 


L 
X 
X 
L 
H 
H 
H 
H 
H 
L 
H 
L 
H 


L 
X 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 


H =- HIGH Voltage Level 


L = LOW 
Voltage 
Level 


X 
=- Don't 
Care 


For G, = H, G2 = H, G3 = L, G4 : 
L, GS : 
L 


Gl 
G2 
G3 
G4 
G5 
Ao 
A, 
Az 


H 
H 
L 
L 
L 
En"i1bled 


L 
X 
X 
X 
X 
Z 
Z 
Z 


X 
L 
X 
X 
X 
Z 
Z 
Z 


X 
X 
H 
X 
X 
Z 
Z 
Z 
x 
x 
X 
H 
X 
Z 
Z 
Z 
x 
x 
x 
X 
H 
Z 
Z 
Z 


LOW-POWER SCHOTTKY 
INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


20 
VCC 


19 
EO 


18 '0 


17 
13 
,. 
12 


'5 
I, 


" 
Gs 


13 
G, 


" 
G, 


11 
G3 


10 
GND 


INSTRUCTI~N 
ENABLE 


{ 


'3 


INSTRUCTION 
12 
INPUT 
'1 


'0 


INSTRUCTION 
RIPPLE 


ENABLE 
DISABLE 


'3 


'2 
Am2914 
Vc 


" 
V,~ 
.--- 
'0 
V21-- 


iE 
RO 


'3 


'2 


Am2914 
V2 


" 
V, 


I-- 
'0 
VOl-- 


IE 
RO 


'3 


'2 
Am2914 
V2 


" 
V, 


I-- 
'0 
Vo f-- 


IE 
RO 
Lo i] 


I 


ill 
'3 
is 
A2 >--- 


'2 
Am2914 
V2 


" 
V, 
i4 
Am2913 
A, e-- 
I-- 
'0 
Vo - 


I 


iJ 


i2 
AO I-- 


Ii 


IE 
RO 
r-< 
iQ 


'3 
f, 


'2 
Am2914 
V2 


" 


V, 


I-- 
'0 
Vo I-- 
- 
fE.IO' 11.12.13 


IE 
RO 
- 
'3 


'2 
Am2914 
V2 


" 


V, 


I-- 
'0 
VOl-- 


IE 
RO 


'3 


V2 
'2 


Am2914 


" 
V, 


I-- 
'0 
Vo f---- 


IE 
RO 


'3 


'2 
Am2914 
V2 


" 


V, 


'0 
Vo 


'hown 
above is the connection 
of the instruction 
lines and· vector output 
lines in a 54-input 
priority 
inter- 
pt system. 
The Am2913 
is used to encode 
the most significant 
bits associated 
with the vector output. 


V, 


v. 


V3 


VECTOR 
OUTPUT 


V2 


V, 


Vo 


Am2914 


• 
Accepts 8 interrupt 
inputs 
Interrupts 
may be pulses or levels and are stored internally 


• 
8uilt-in 
mask register 
Six different 
operations can be performed on mask 


register 


• 
Built-in status register 
Status 
register holds 
code for 
lowest 
allowed 
interrupt 


• 
Vectored output 
Output 
is binary 
code 
for 
highest 
priority 
un-masked 


interrupt 


• 
Expandable 
Any number of Am2914's 
may be stacked for large inter- 
rupt systems 


• 
Microprogrammable 
Executes 16 different 
microinstructions 
Instruction 
enable pin aids in vertical microprogramming 


• 
High-speed operation 
Delay from an interrupt 
clocked into the interrupt 
regjster 


to interrupt 
request output 
is typically 
60 ns 


Block Diagram 
2-159 


Connection 
Diagrams 
........•.......•.......•.... 
2-160 


Instructions 
.........................••......•.... 
2-160 


Ordering 
Information 
2-161 


DC Characteristics 
.........................•..... 
2-162 


AC Characteristics 
..................••......•.... 
2-164 


Burn-in 
Circuit 
...............•................... 
2-165 


Detailed 
Logic Description 
2-177 


For applications information, 


see Chapter VI of "Build a Microcomputer". 


The Am2914 
is a high-speed, eight-bit 
priority 
interrupt 
unit 


that 
is cascadable to handle any number of priority 
interrupt 


request levels. The high-speed of the Am2914 
makes it ideal 
for 
use in Am2900 
family 
microcomputer 
designs, but it can 


also be used with the Am9080A 
MOS microprocessor. 


The Am2914 
receives interrupt 
requests on 8 interrupt 
input 


lines (PO-p]). 
A LOW level is a request. An internal latch may 
be used to catch pulses on these lines, or the latch may be 
bypassed so the request lines drive the edge-triggered interrupt 
register directly. 
An 8-bit 
mask register is used to mask indi- 


vidual 
interrupts. 
Considerable 
flexibility 
is 
provided 
for 


controlling 
the mask register. Requests in the interrupt 
register 
are AN Ded with 
the corresponding 
bits in the mask register 
and the results are sent to an 8-input 
priority 
encoder, which 


produces a three bit encoded vector representing the highest 
numbered input which is not masked. 


An 
internal 
status 
register 
is used to 
point 
to 
the 
lowest 
priority 
at which an interrupt 
will 
be accepted. The contents 
of 
the 
status register are compared 
with 
the output 
of the 


priority 
encoder, and an interrupt 
request output 
will occur 


if 
the vector 
is greater than or equal to status. Whenever a 


vector 
is read from 
the Am2914 
the status register is auto- 


matically 
updated to point 
to one level higher than the vector 
read. (The status register can be loaded externally 
or read out 
at any time using the S pins.) Signals are provided for moving 
the status upward 
across devices (Group 
Advance Send and 


Group 
Adv~nce 
Receive) and for 
inhibiting 
lower 
priorities 


from higher order devices (Ripple Disable, Parallel Disable, and 
Interrupt 
Disable). 
A status overflow 
output 
indicates 
that 
an interrupt 
has been read at the highest priority. 


The Am2914 
is controlled 
by a 4-bit 
instruction 
field 
10-13. 


The command on the instruction 
lines is executed if IE is LOW 
and is ignored if IE is HIGH, allowing the 4 I bits to be shared 
with other devices. 


Pi 


INT 
RRUPT 
fNPUTS 


'i 


INS 
RUCTION 


INPUTS 


S, 


STATUS 
3 


BUS 


Vi 


3 
VECTOR 
OUTPUT 


RIPPLE 


DISABLE 


GROUP 


ADVANCE 


SEND 


PIN SYMBOLS 


-ID 
g~~~~~LlECTOA 


---D 
OUTPUT PIN 


~ 
~~IRECTlONAl 


The Microinstruction 
Decode circuitry 
decodes the Interrupt 


Microinstructions 
and generates 
required 
control 
signals for 
the chip. 


The 
Interrupt 
Register holds the 
Interrupt 
Inputs and is an 


eight-bit, 
edge-triggered 
register which is set on the rising edge 


of the CP Clock signal. 


The 
Interrupt 
latches 
are 
set/reset-type 
latches. 
When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative 
pulse 
catchers 
on 
the 
inputs 
to the 
Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 


The Mask Register holds the eight mask bits associated 
with 


the 
eight 
interrupt 
levels. The register may be loaded from 


or read to the M Bus. Also, the entire 
register or individual 


mask bits may be set or cleared. 


The 
Interrupt 
Detect 
circuitry 
detects 
the 
presence 
of any 


unmasked 
Interrupt 
Input. The eight-input 
Priority 
Encoder 


determines 
the highest 
priority, 
non·masked 
Interrupt 
Input 


and forms a binary coded interrupt 
vector. Following a Vector 


Read, 
the 
three-bit 
Vector 
Hold 
Register 
holds 
the 
binary 


coded interrupt 
vector. This stored vector is used for clearing 


interrupts. 


The three-bit 
Status 
Register holds the status 
bits and may 


be Jo~ded from or read to the S Bus. During a Vector 
Read, 


the 
Incrementer 
increments 
the interrupt 
vector by one, and 


the re ult is clocked into the Status 
Register. Thus the Status 


Register always points to the lowest level at which an interrupt 
will be accepted. 


The three-bit 
Comparator 
compares the Interrupt 
Vector with 
the contents 
of the Status 
Register and indicates 
if the Inter- 
rupt 
Vector 
is greater 
than or equal to the contents 
of the 


Status Register. 


The Lowest Group Enabled Flip-Flop 
is used when a number 
of 2914's are cascaded. 
In a cascaded system, only one Lowest 


Group 
Enabled 
Flip-Flop 
is LOW at a time. 
It indicates the 
eight 
interrupt 
group, 
which 
contains 
the 
lowest 
priority 


interrupt 
level which will be accepted 
and is used to form the 
higher order status bits. 


The Interrupt 
Request and Group Enable logic contain various 


gating 
to 
generate 
the 
Interrupt 
Request, 
Parallel 
Disable, 


Ripple Disable, and Group Advance Send signals. 


The Status Overflow signal is used to disable all interrupts. 
It 


indicates 
the highest priority 
interrupt 
vector 
has been read 
and the Status Register has overflowed. 


The 
Clear Control 
logic generates 
the eight individual 
clear 


signals for the bits in the Interrupt 
Latches and Register. The 


Vector Clear Enable Flip-Flop indicates if the last vector read 
was from 
this 
group. 
When it is set, 
it enables 
the 
Clear 
Control 
Logic. 


The CP clock signal is used to clock the 
Interrupt 
Register, 


Mask Register, Status 
Register, Vector 
Hold Register, and the 


Lowest 
Group 
Enabled, 
Vdctor 
Clear 
Enable 
and 
Status 


Overflow Flip-Flops, all on the clock LOW·to·H IGH transition. 


"M, 


GRQU 
SIGNAL 


GROUP 
~VANCE 


rECEIVE 


GROUP 
ENABLE 


INTERRUPT 


DISABLE 


RIPPLE 
DISABLE 


PARALLEL 
DISABLE 


INTERRUPT 


REQUEST 


Vcc 


So 


STATUS 
GRou~~b::~~~ 


SENDv, 


V, 


Vo 


M, 


" 


M, 
M, 
4' 
" 


" 


GNO' 
4' 
M, 


M, 
G.S. 
40 
" 


" 


GAR 
M, 


36 
MO 
G.E. 
38 
" 


'0 
i]f. 
37 
MO 


INSTRUCTION 
A.D. 
'0 


ENABLE 
P.O. 
'5 
IE 


" 
iJf. 
'4 


" 


" 
vcc 
'0 
33 
Am2914 
" 
5, 
3' 


" 
GROUND 
5, 
31 
GNO· 


CLOCK 
So 
" 
c, 


'0 
S:V. 
'4 
'0 


LATCH 
GAS 
'5 
L.B. 


BYPASS 


'4 
v, 
,. 
27 
'4 


M4 
V, 
17 
,. 
M4 


" 


Vo 
'8 
'5 


GNO' 
'4 
M5 
M5 
M, 
20 
Actual 
Size 
'. 
'. 
" 
21 
1.1" 
X 0.6" 
22 
M. 
M. 
MPR-126 


MPR·125 
'Note: 
GND's 
and 
pins 
2, 19, 31 must all be tied together 
externally. 


Note: 
Pin 
is marked 
for 
orientation. 


TABLE I 
MICROINSTRUCTION 
SET FOR Am2914 
PRIORITY 
INTERRUPT 
CIRCUIT 


Decimal 
Decimal 
13121110 
Mnemonic 
Instruction 
13121110 
Mnemonic 
Instruction 


Mask 
Register 
Functions 
Vectored 
Output 


14 
LDM 
Load 
mask 
register 
from 
M bus 
5 
RDVC 
Read 
vector 
output 
to 
V 
outputs, 
load 
V+1 
7 
ROM 
Read mask 
register 
to M bus 
into 
status 
register, 
load 
V into 
vector 
hold 
12 
CLRM 
Clear 
mask 
register 
(enables 
all priorities) 
register 
and set vector 
clear 
enable 
flip-flap. 
8 
SETM 
Set mask 
register 
(inhibits 
all interrupts) 
Priority 
Interrupt 
Register 
Clear 
10 
BCLRM 
Bit clear 
mask 
register 
from 
M bus 


11 
BSETM 
Bit set mask register 
from 
M bus 
1 
CLRIN 
Clear all interrupts 
3 
CLRMR 
Clear 
interrupts 
from· mask 
register 
data 
(uses 


Status Register Functions 
the 
M bus) 
2 
CLRMB 
Clear interrupts 
from 
M bus data 
9 
LDSTA 
Load 
status 
register 
from 
5 
bus 
and 
LGE 
4 
CLRVC 
Clear 
the 
individual 
interrupt 
associated 
with 
flip-flop 
from 
GE input 
the last vector 
read 
6 
RDSTA 
Read status 
register 
to S bus 


Master 
Clear 


Interrupt 
Request 
Control 
a 
MCLR 
Clear 
all 
interrupts, 
clear 
mask 
register, 
clear 
15 
ENIN 
Enable 
interrupt 
request 
status 
register, 
clear 
LGE 
fiip-flop, 
enable 
13 
DISIN 
Disable 
interrupt 
reQuest 
interrupt 
request. 


STANDARD 
SCREENING 


(Conforms 
to M I L-STD-883 
for Class C Parts) 


MI L-STD-883 
Level 


Step 
Method 
Conditions 
Am2914PC, 
DC 
Am2914DM, 
FM 


Pre-Seal Visual 
Inspection 
2010 
B 
100% 
100% 


24-hour 
FJ 


Stabilization 
Bake 
1008 
C 
150°C 
100% 
100% 


Temperature 
Cycle 
1010 
C 


_65°C 
to +150°C 
100% 
100% 
10 cycles 


Centrifuge 
2001 
B 
10,000 
G 
100% · 
100% 


Fine Leak 
1014 
A 
5 x 10-8 
atm-cc/sec 
100% · 
100% 


Gross Leak 
1014 
C2 
Fluorocarbon 
100% · 
100% 


Electrical 
Test 
See below 
for 
5004 
definitions 
of subgroups 
100% 
100% 


SUbgroups 
1 and 7 


Insert Additional 
Screening 
here for Class B Parts 


Group 
A Sample 
Tests 


Subgroup 
1 
LTPD; 
5 
LTPD; 
5 


Subgroup 
2 
LTPD; 
7 
LTPD; 
7 


Subgroup 
3 
See below 
for 
LTPD; 
7 
LTPD; 
7 


Subgroup 
7 
5005 
definitions 
of subgroups 
LTPD; 
7 
LTPD; 
7 


Subgroup 
8 
Maximum 
accept 
number 
LTPD; 
7 
LTPD; 
7 


Subgroup 
9 
is 3 
LTPD; 
7 
LTPD; 
7 


Not 
applicable 
for 
Am2914PC. 


Order 
Package Type 
Operating Range 
Screening Level 
Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2914PC 
P-40 
C 
C-1 
AM2914DC 
0-40 
C 
C-1 
AM29140C-6 
0-40 
C 
6-2 (Note 4) 
AM2914DM 
0-40 
M 
C-3 
AM2914DM-6 
0-40 
M 
6-3 
AM2914FM 
F-42 
M 
C-3 
AM2914FM-6 
F-42 
M 
6-3 


AM2914XC 
Dice 
C 
} 


Visual inspection 


AM2914XM 
Dice 
M 
to MIL-STD-863 
Method 20106. 


Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix 6 for detailed 


outline. Where Appendix 6 contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 
2. 0' = O°Cto + 70°C, Vcc = 4.75V to 5.25V, M = - 
55°C to +125°C, Vcc = 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-663, Class C. Level 6-3 conforms to 
MIL-STD-863, Class 6. 
4. 96 hour burn-in. 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage Applied 
to Outputs 
for High Output 
State 


DC Input Voltape 


DC Output 
Cur~ent, 
Into Outputs 


DC Input Current 


_65°C 
to +150°C 


_55°C 
to +125°C 


-O.5V 
to +7 JJV 


+O.5V to +V CC max. 


-O.5V 
to 5.5V 


30mA 


-30mA 
to +5.0mA 


OPERATING 
RANGE 


PIN 
Temperature 


Am2914PC, DC 
O·C to +70·C 


Am2914DM, 
FM 
-55·C 
to +125·C 


VCC 


4.75 V to 5.25 V 


4.50V 
to 5.50V 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
(Unless Otherwise 
Noted) 
(Group A, Subg~oups 1, 2, and 3) 


Am2914XC 
TA ~ o· C to +70· C 


Am2914XM 
TC = -5SoC 
to +12SoC 


VCC ~ 5.0V 
± 5% (COM'Ll 
VCC ~ 5.0V 
± 10% (Mill 


VCC= MIN., 
Mil, 
10H = -1.0mA 
2.4 
VOH 
Output 
HIGH Voltage 
Volts 


VIN = VIH or V'l 
COM'l, 
10H - -2.6mA 
2.4 


'CEX 
Output 
Leakage Current 
VCC = MIN., Vo ~ 5.5V 
250 
)"A 
for I R Output 


10l 
~ 4.0mA 
0.4 


VOL 
Output 
lOW Voltage 
VCC~ MIN., 


10l 
- 8.0mA 
0.45 
Volts 


V'N ~ V'H or Vil 
I 
10l = 12mA 
0.5 


V,H 
I put HIGH level 
Guaranteed 
input 
logical HIGH 
voltage 
2.0 
Volts 
for all inputs 


Vil 
, put lOW 
level 
Guaranteed 
input 
logical 
LOW voltage 
0.8 
Volts 


for all inputs 


V, 
Input Clamp Voltage 
VCC = MIN., 'IN ~ -18mA 
-1.5 
Volts 


MO_7 
-0.15 


50-2 
-0.1 


III 
Input LOW Current 
VCC ~ MAX., 
L. B. 
-0.4 
mA 


V,N = 0.4V 
I. D. 
-2.0 


All Others 
-0.8 


MO-7 
150 


50-2 
100 


IIH 
I put HIGH 
Current 
VCC = MAX., 
IE, GE, GAR 
40 
)"A 
VIN 
= 2.7V 
I. D. 
60 


All Others 
20 


'I 
Input HIGH 
Current 
VCC = MAX., VIN ~ 5.5V 
1.0 
mA 


MO-7 
-150 


VOUT ~ 0.5V 
50-2 
-100 


10 
Off-State 
Output 
Current 
VCC = MAX. 
VO-2 
-50 


)"A 
MO-7 
150 


VOUT = 2.4V 
50-2 
100 


VO-2 
50 


VCC = 5.0V, 25·C 
170 
- 


O·C 
305 


'CC 
Power Supply 
Current 
COM'l 
70·C 
mA 
250 
VCC = MAX. 
-55·C 
310 
Mil 
125·C 
200 


'sc 
Output Short Circuit Current 
vCC 
K MAX. 
-30 
-85 
mA 
(~ote 3) 


Notes: 1. 
For conditions shown as MIN. or MAX., 
use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. 
Typical limits are at VCC = 5.QV, 25°C ambient and maximum loading. 
3. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


SWITCHING CHARACTERISTICS 
AT 25°C AND 5.0 VOLTS 


Note: 
Guaranteed 
limits 
at 25°C 
and 5.0V 
are group 
A, subgroup 
9 tests 


All 
outputs 
fully 
loaded. 
CL = 50pF. 
Measurements 
made at 1.5V 
with 


input 
levels of OV and 3.0V. 
All 
numbers 
are in ns. 


For interrupt 
request 
output, 
RL = 470n 


TABLE I. CLOCK AND INTERRUPT 
INPUT PULSE WIDTHS 
(ns) 


Time 
GUARANTEED 


Minimum 
Clock LOW Time 
30 
, 


Minimum 
Clock HIGH Time 
30 


Minimum 
Interrupt 
Input (PO-P7)LOW 
25 
Time 
for Guaranteed 
Acceptance 
(Pulse Mode) 


Maximum 
Interrupt 
Input (PO-P7)LOW 
10 
Time 
for Guaranteed 
Rejection 
(Pulse Mode) 
FJ 


I 


TYPICAL 
GUARANTEED 


~ 


M 
S 
Irpt 
Ripple 
Group 
M 
S 
Irpt 
Ripple 
Group 


Bus 
Bus 
Von 
Req 
Disable 
Advance 
Bus 
Bus 
V012 
Req 
Disable 
Advance 


From 
Input 
Send 
Send 


IE 
36 
40 
40 
- 
- 
30 
48 
55 
55 
- 
- 
47 


10123 I 
36 
40 
40 
- 
- 
30 
48 
55 
55 
- 
- 
47 


Irpt. 
Di~able 
- 
- 
25 
35 
8 
19 
- 
- 
37 
42 
18 
25 


I 
TYPICAL 
GUARANTEED 


I 


Clock 
Path 
To 
To 
To 
To 
To 
Irpt 
To 
To 
To 
Status 
To 
To 
To 
To 
To 
Status 
To 


Von 
PD 
RD 
GAS 
GS 
Irpt 
PD 
RD 
GAS 
GS 
Req 
O'flow 
V012 
Req 
O'flow 


Irpt 
Latc!hes 
and 
Register 
55 
65 
37 
39 
47 
- 
- 
67 
82 
57 
57 
66 
- 
- 


Mask Re~ister 
55 
65 
37 
39 
47 
- 
- 
67 
82 
57 
57 
66 
- 
- 


Status 
Register 
45 
55 
28 
31 
37 
- 
- 
59 
74 
57 
57 
58 
- 
- 


Lowest Group Enabled 
Flip-Flop 
- 
- 
22 
25 
- 
- 
17 
- 
- 
42 
45 
- 
- 
32 
Irpt Req~est Enable Flip-Flop 
- 
40 
- 
- 
- 
- 
- 
- 
56 
- 
- 
- 
- 
- 


Status Overflow 
Flip·Flop 
- 
- 
- 
- 
- 
17 
- 
- 
- 
- 
- 
- 
30 
- 


TABLE IV. SET-UP AND HOLD TIME REQUIREMENTS 
(ns) 
(All 
relative 
to clock 
LOW-to-H 
IGH transition) 


GUARANTEED 


From 
Input 


Set-up 
Time 
Hold 
Time 


S-Bus 
11 
8 
M-Bus 
11 
8 


PO-P7 
11 
6 


Latch Bypass 
16 
0 


IE 
46 
0 
10123 (See Note) 
tpwL 
+ 29 
I 


GE 
11 
11 
GAR 
11 
11 
Irpt Disable 
35 
0 


PO-P7 Hold Time 
- 
21 
Relative to LB 


I~Vt,., VI 
VV ""U J.VV. 
r-or 
Interrupt 
Hequest 
Uutput, 
RL ~ 470n. 
TABLE V. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


Time 
Am2914PC, 
DC, XC 
Am2914DM, 
FM, 
XM 


TA ~ O°C to 
+70°C, 
SV ± S% 
TC = -SSoC 
to +12SoC, 
SV ± 10% 


Minimum 
Clock 
LOW Time 
30 
30 


Minimum 
Clock HIGH Time 
30 
30 


Minimum 
Interrupt 
Input 
(PO-P7) 
LOW Time 
for 
Guaranteed 
40 
40 


Acceptance 
(Pulse Mode) 


Maximum 
Interrupt 
Input 
(PO-P7) 
LOW Time for Guaranteed 
8 
8 


Rejection 
(Pulse Mode) 


Minimum 
Clock Period, 
IE ~ H on 
50 
55 
current 
cycle and previous 
cycle 


Minimum 
Clock Period, 
IE = Lon 
100 
110 
current 
cycle or previous 
cycle 


I 
Am2914PC, 
DC, 
XC 
Am2914DM, 
FM, 
XM 


TA ~ O°C to 
+70°C, 
SV ± S% 
TC = -SSoC 
to +12SoC, 
SV ± 10% 


~ 


M 
S 
Irpt 
Ripple 
Group 
M 
S 
Irpt 
Ripple 
Group 


Bus 
Bus 
V012 
Req 
Disable 
Advance 
Bus 
Bus 
V012 
Req 
Disable 
Advance 


From 
Input 
Send 
Send 


IE 
52 
60 
65 
- 
- 
56 
60 
68 
70 
- 
- 
- 
62 


10123 
52 
60 
65 
- 
- 
56 
60 
68 
70 
- 
- 
62 


Irpt. Disable 
- 
- 
45 
52 
20 
30 
- 
- 
48 
60 
22 
33 


Am2914PC, 
DC, 
XC 
Am2914DM, 
FM, 
XM 


T A = O°C to 
+70°C, 
SV ± S% 
TC = -SSoC 
to +12SoC, 
SV ± 10% 


Clock 
Path 
To 
To 
To 
To 
To 
To 
To 
To 
Status 
To 
To 
Irpt 
To 
To 
To 
Status 
To 


V012 


Irpt 


PD 
RD 
GAS 
GS 
V012 
PD 
RD 
GAS 
GS 
Req 
O'flow 
Req 
O'flow 


Irpt Latches an? Register 
76 
97 
67 
67 
80 
- 
- 
82 
105 
75 
75 
85 
- 
- 


Mask Register 
76 
97 
67 
67 
80 
- 
- 
82 
105 
75 
75 
85 
~ 
- 


Status Register 
67 
88 
63 
63 
70 
- 
- 
73 
96 
66 
66 
76 
- 
- 


Lowest 
Group 
Enabled 
Flip-Flop 
- 
- 
48 
52 
- 
- 
38 
- 
- 
54 
58 
- 
- 
45 


Irpt Request 
E'1able Flip-Flop 
- 
62 
- 
- 
- 
- 
- 
- 
66 
- 
- 
- 
- 
- 


Status 
Overflow 
Flip-Flop 
- 
- 
- 
- 
- 
35 
- 
- 
- 
- 
- 
- 
40 
- 


TABLE VIII. 
SET -UP AND HOLD TIME REQUIREMENTS 
(ns) 


(All relative 
to 
clock 
LOW-to-HIGH 
transition) 


Am2914PC, 
DC, 
XC 
Am2914DM, 
FM, 
XM 


From 
Input 
T A = O°C to 
+70°C, 
SV ± S% 
TC = -SSoC 
to 
+12SoC, 
SV ± 10% 


Set-Up 
Time 
Hold 
Time 
Set-Up 
Time 
Hold 
Time 


S-Bus 
15 
10 
15 
10 


M-Bus 
15 
10 
15 
10 


PO-P7 
15 
8 
15 
8 


Latch Bypass 
20 
0 
20 
0 


IE 
55 
55 
0 
10123 (See Note) 
tpwL + 33 
0 
tpwL 
+ 40 


GE 
15 
13 
15 
13 


GAR 
t5 
13 
15 
13 


Irpt Disable 
42 
0 
42 
0 


PO-P7 Ho d Time 
- 
25 
- 
25 
Relative 
to LB 


Vcc 


420 
1.2k 
'20 
420 
VCC 


GAS 
IRPT. 
GRP. 
STA.T 
420 
" 


DISABLE 
SIG. 
O'FLOW 
V, 
420 
" 
V, 
420 
'5 
Vo 


" 
Uk 
5, 
" 
1.2k 
5, 
" 
Uk 
50 
" 
1.2k 
'0 
M, 
CC 
Am2914 
1.2k 
- 


LATCH 
Mo 


BYPASS 
1.2k 


f.lk 
M5 


>-- 
GNO 
1.2k 
M, 


1.2k 


1 1 1 I 
>-- 
INST. 
M, 


ENABLE 
1.2k 
M, 
MR 
eET 
CEP 
PE 
= 
1.2k 
~" 
0, 


" 
M, 


1.2k 
~ 
" 
0, 


" 
MO 


~ 
" 


Am9316 
0, 


" 
420n 
= 
IRPT. 
REO. 
V 
'--- 
"0 
'0 


GR'R 
ENABLE 


C, 


elK 


C, 
RIP 
PAR. 
GAR 


Vcc 
GNO 
Vcc 
DISABLE 
DISABLE 
I 
O':r' 
I 


0"'1 
vL 
" 
J. 
420n 
420n 
1100kHz 
MIN.) 


Vcc 


INPUT 


10-13,CP, GE, GAR 


LB 
iE 
i5 


OUTPUTS 


VO-V3 
SO 
GAS 
PO 
GS 
RO 


INPUT 


P";-Po 


R 


10K 
20K 
6.7K 
4K 


OUTPUT 


iR 


OUTPUTS 


Mo-M7 
SO-S3 


A MICROPROGRAMMABLE, 
BIPOLAR, 
LSI INTERRUPT STRUCTURE USING THE Am2914 


Advanced 
Micro 
Devices' 
introduction 
of the 
Am2914 
Vec- 


tored 
Priority 
Interrupt 
Controller 
now 
makes 
possible 
the 


structuring 
of 
a 
microprogrammable 
bipolar 
LSI 
interrupt 


system. 
The design engineer 
may use the Am2914 
to simplify 
his design 
process, 
dramatically 
reduce 
the 
system 
cost, 
size 


and 
package 
count, 
and 
increase 
the 
speed, 
capability 
and 


reliability 
of his interrupt 
system. 


The Am2914 
is a modular, 
low cost, standard 
LSI component 


that 
may be microprogrammed 
to 
meet -the requirements 
of 


specific applications. 
Today's 
engineer 
may utilize the Am2914 


microprogrammability 
to 
provide 
functional 
flexibility 
and 


ease 
of 
engineering 
change, 
while 
taking 
advantage 
of 
its 
modularity 
to 
provide 
hardware 
regularity 
and future 
expan- 


sion capability. 


In any 
state 
machine, 
a requirement 
exists 
for the 
efficient 


synchronization 
and response 
to asynchronous 
events such as 


power 
failure, 
machine 
malfunctions, 
control 
panel 
service 


requests, 
external 
timer 
signals, 
supervisory 
calls, 
program 


errors, 
and input/output 
device service 
requests. 
The merit of 


suth 
an 
"asynchronous 
event 
handler" 
may be measured 
in 


terms of response 
time, system throughput, 
real time overhead, 
hardware 
cost and memory 
space required. 


The sim91est approach 
to asynchronous 
event 
handling 
is the 


poll 
approach. 
A status 
indicator 
is associated 
with 
each 


possible asynchronous 
event. The processor 
tests each indicator 


in sequence 
and, 
in effect, 
"asks" 
if service is required. 
This 


program-driven 
method 
is inefficient 
for a number 
of reasons. 


Much time 
is consumed 
polling 
when 
no service 
is required; 


programs 
must 
have 
frequent 
test 
points 
to 
poll indicators, 
and since indicators 
are polled 
in sequence, 
considerable 
time 
may elapse 
before 
the 
processor 
responds 
to an event. 
Thus, 


system 
throughput 
is low; 
real time 
overhead 
and 
response 
time are high, and a large memory 
space is required. 


The 
interrupt 
method 
is 
a 
much 
more 
efficient 
way 
of 


servicing 
asynchronous 
requests. 
An 
asynchronous 
event 
re- 


quiring 
service 
generates 
an 
interrupt 
request 
signal 
to 
the 


processor. 
When the 
processor 
receives the interrupt 
request, 


it may suspend 
the 
program 
it is currently 
executing, 
execute 
an interrupt 
service 
routine 
which 
services 
the asynchronous 
request, 
then 
resume 
the execution 
of the suspended 
program. 
In 
this 
system, 
the 
execution 
of 
the 
service 
routine 
is 
initiated 
by an interrupt 
request; 
thus, 
the system 
is interrupt 


driven 
and service 
routines 
are executed 
only when service is 
requested. 
Although 
hardware 
cost may be higher in this type 


of 
system, 
it 
is more 
efficient 
since 
system 
throughput 
is 


higher, 
response 
time is faster, 
real time overhead 
is lower and 


less memory 
space is required. 


A com pie e and clear functional 
definition 
is key to the design 


of a good linterrupt 
system. 
The following 
features 
are useful. 


Multiple 
Interrupt 
Request 
Handling: Since interrupt 
requests 


are generated 
from a number 
of different 
sources, the interPJpt 


system's 
ability 
to 
handle 
interrupt 
requests 
from 
several 
sources is important. 


Interrupt 
Request 
Prioritization: 
Since 
the 
processor 
can 


service 
only 
one 
interrupt 
request 
at a time, 
It IS Important 


that 
the 
interrupt 
system 
has the 
ability 
to 
prioritize 
the 


requests 
and determine 
which has the highest priority. 


Interrupt 
Service Routine 
"Nesting": 
This feature 
allows 
an 


interrupt 
service 
routine 
for 
a given 
priority 
request 
to be 


interrupted 
in turn, 
but 
only 
by a higher 
priority 
interrupt 


request. 
The service 
routine 
for the higher 
priority 
request 
is 
executed, 
then the execution 
of the interrupted 
service routine 


is resumed. 
If there 
are 
"n" 
interrupt 
requests, 
an "n" 
deep 


"nest" 
is possi ble. 


Dynamic 
Interrupt 
Enabling/Disabling: 
The ability 
to enable/ 


disable all interrupts 
"on the fly" under 
microprogram 
control 
can 
be 
used 
to 
prevent 
interruption 
of 
certain 
processes. 


Dynamic 
Interrupt 
Request Masking: The ability 
to selectively 


inhibit 
or "mask" 
individual 
interrupt 
requests 
under 
micro- 


program 
control 
is useful. 


Interrupt 
Request 
Vectoring: 
Many times, 
a particular 
inter- 
rupt 
request 
requires 
the 
execution 
of a unique 
interrupt 
service 
routine. 
For 
this 
reason, 
the 
generation 
of a unique 


binary 
coded 
vector 
for each interrupt 
request 
is very helpful. 


This vector 
can be used as a pointer 
to the start 
of a unique 
service routine. 


Interrupt 
Request 
Priority 
Threshold: 
The ability 
to establish 


a 
priority 
threshold 
is valuable. 
In this 
type 
of 
operation, 


only those 
interrupt 
requests 
which 
have higher priority 
than a 


specified threshold 
priority 
are accepted. 
The threshold 
priority 


can 
be 
defined 
by 
microprogram 
or 
can 
be automatically 


established 
by 
hardware 
at 
the 
interrupt 
currently 
being 
serviced 
plus one. This automatic 
threshold 
prevents 
multiple 


interrupts 
from 
the 
same source. 
Also useful 
is the ability 
to 


read the threshold 
priority 
under microprogram 
control. 
Thus, 


the 
interrupt 
request 
being 
serviced 
may 
be determined 
by 


the microprogram. 


Interrupt 
Request 
Clearing 
Flexibility: 
Flexibility 
in the 


method 
of clearing 
interrupt 
requests 
allows different 
modes 


of 
interrupt 
system 
operation. 
Of particular 
value 
are 
the 


abilities 
to clear the 
interrupt 
currently 
being serviced, 
clear 


all interrupts, 
or 
clear 
interrupts 
via a programmable 
mask 


register or bus. 


Microprogrammability: 
Microprogrammability 
permits 
the 


construction 
of 
a general 
purpose 
or 
"universal" 
interrupt 


structure 
which 
can be microprogrammed 
to meet a specific 


application's 
requirements. 
The 
universality 
of the 
structure 


allows 
standardization 
of the 
hardware 
and amortization 
of 


the 
hardware 
development 
costs 
across 
a much 
broader 
user 


base. The end result 
is a flexible, 
low cost interrupt 
structure. 


HardwLe 
Modularity: 
Modular 
interrupt 
system 
hardware 
is 
benefi9ial 
in two 
ways. 
First, 
hardware 
modularity 
provides 


expansIon 
capability. 
Additional 
modules 
may 
be added 
as 
the 
need to service additional 
requests 
arises. Secondly, 
hard- 
ware rrjodularity 
provides 
a structural 
regularity 
which simpli- 


fies 
the 
system 
structure 
and 
also 
reduces 
the 
number 
of 


hardwal e part numbers. 


Fast In errupt 
System 
Response 
Time: Quick interrupt 
system 


response 
provides 
more 
efficient 
system 
operation. 
Fast 


response 
reduces 
real 
time 
overhead 
and 
increases 
overall 


system 
hroughput. 


INTERRUPT 
SYSTEM 
IMPLEMENTATION 


USING THE Am2914 


The Am2914 
provides 
all of the foregoing 
features 
on a single 
LSI 
ch p. The 
Am2914 
is a 
high-speed, 
eight-bit 
priority 
interru 
t unit 
that 
is cascadable 
to 
handle 
any 
number 
of 


priority 
interrupt 
request 
levels. The Am2914's 
high speed 
is 


ideal for. use in Am2900 
Family 
microcomputer 
designs, 
but 
it can also be used with the Am9080A 
MOS microprocessor. 


The 
Al2914 
receives 
interrupt 
requests 
on 
eight 
Interrupt 


Input 
lines 
(P0-P7). 
A 
LOW level is a request. 
An internal 
latch 
~ay 
be used 
to 
catch 
pulses 
(HIGH-LOW-HIGH) 
on 


these 
Ii'i'es, or the latch may be bypassed 
so that 
the request 


lines drih 
the D-inputs to the edge-triggered 
Interrupt 
Register 


directly. 
An eight-bit 
Mask Register 
is used to mask individual 


interrup 
s. Considerable 
flexibility 
is provided 
for controlling 
the 
Mask Register. 
Requests 
in the 
Interrupt 
Register 
(P0-P7) 


are ANDed 
with 
the 
corresponding 
bits 
in the 
mask register 
(MO-M7) 
and 
the 
results 
are 
sent 
to an eight-input 
priority 


encoder, 
which 
produces 
a three-bit 
encoded 
vector represent- 


ing the 
ighest priority 
input which is not masked. 


An 
inte nal 
Status 
Register 
is used 
to 
point 
to 
the 
lowest 


priority 
t which 
an interrupt 
will be accepted. 
The contents 
of the 
Status 
Register 
are compared 
with 
the 
output 
of the 


{ 


V, 


VECTOR 
V 
OUT 
t 


Vo 


__ 
M, 
-- ..• 


M5 
", 
__ 
M, 
M, 
__ 
M, 


MO 
I 


s, 


STATUS 
51 


So 


priority 
encoder, 
and an Interrupt 
Request 
output 
will occur 
if the 
vector 
is greater 
than 
or equal 
to the 
contents 
of the 


Status 
Register. 
Whenever 
a vector 
is read from 
the Am2914, 


the 
Status 
Register 
is automatically 
updated 
to point 
to one 


level higher than 
the vector 
read. 
(The Status 
Register 
can be 


loaded 
externally 
or read 
out 
at any 
time 
using' the 
S-Bus.) 


Signals 
are 
provided 
for 
moving 
the 
status 
upward 
across 
devices 
(Group 
Advance 
Send 
and 
Group 
Advance 
Receive) 
and for 
inhibiting 
lower 
priorities 
from 
higher 
order 
devices 


(Ripple 
Disable, 
Parallel 
Disable, 
and 
Interrupt 
Disable). 
A 


Status 
Overflow 
output 
indicates 
that 
an interrupt 
has been 
read at the highest priority. 


The Am2914 
is controlled 
by a four-bit 
microinstruction 
field 


10-13' The 
microinstruction 
is exe~ted 
if IE 
(Instruction 


Enable) 
is LOW and 
is ignored 
if IE is HIGH, 
allowing 
the 


four 
I bits to be shared with other functions. 
Sixteen 
different 


microinstructions 
are 
executed. 
Figure 
2 shows 
the 
micro- 


instructions 
and the microinstruction 
codes. 


MICROINSTRUCTION 
DESCRIPTION 


MICROINSTRUCTION 


CODE 


13121110 


MASTER CLEAR 


CLEAR ALL INTERRUPTS 


CLEAR 
INTERRUPTS 
FROM M-BUS 


CLEAR 
INTERRUPTS 
FROM MASK 
REGISTER 


CLEAR 
INTERRUPT,LAST 
VECTOR 
READ 


READ VECTOR 


READ STATUS 
REGISTER 


READ MASK REGISTER 


SET MASK REGISTER 


LOAD STATUS 
REGISTER 


BIT CLEAR 
MASK REGISTER 


BIT SET MASK REGISTER 


CLEAR 
MASK REGISTER 


DISABLE 
INTERRUPT 
REQUEST 


LOAD MASK REGISTER 


ENABLE 
INTERRUPT 
REQUEST 


0000 


0001 


0010 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


In this microinstruction 
set, the Master Clear microinstruction 


is selected 
as binary 
zero so that 
during 
a power up sequence, 


the microinstruction 
register 
in the microprogram 
control 
unit 
of the 
central 
processor 
can be cleared 
to all zeros. Thus, 
on 
the 
next 
clock 
cycle, 
the 
Am2914 
will execute 
the Master 


Clear 
function. 
This 
includes 
clearing 
the 
Interrupt 
Latches 
and Register 
as well as the Mask Register 
and Status 
Register. 


The 
LGE flip-flop 
of the 
least significant 
group 
is set 
LOW 


because 
the 
Group 
Advance 
Receive 
input 
is tied 
LOW. All 
other 
Group Advance 
Receive inputs are tied to Group Advance 
Send 
outputs 
and 
these 
are forced 
HIGH during 
this instruc- 


tion. 
This 
clear 
instruction 
also 
sets 
the 
Interrupt 
Request 


Enable 
flip-flop 
so that 
a fully interrupt 
driven 
system 
can be 
easily initiated 
from any interrupt. 


The 
Clear 
Interrupts 
from 
Mask 
Register 
microinstruction 


clears 
those 
Interrupt 
Latches 
and 
Register 
bits which 
have 
corresponding 
Mask Register 
bits set equal to one. The M-Bus 
is used 
by the 
Am2914 
during 
the 
execution 
of this 
micro- 
instruction 
and must be floating. 


The Clear Interrupts 
from M-Bus microinstruction 
clears those 
Interrupt 
Latches 
and 
Register 
bits which 
have corresponding 
M-Bus bits set equal to one. 


The Clear Interrupt, 
Last 
Vector 
Read microinstruction 
clears 
the 
Interrupt 
Latch 
and 
Register 
bit associated 
with the 
last 


vector read. 


The Read 
Vector 
microinstruction 
is used to read the vector 


value 
of the 
highest 
priority 
request 
causing 
the 
interrupt. 


The vector 
outputs 
are three-state 
drivers that are enabled onto 
the VOV1V2 bus during this instruction. 
This microinstruction 
also automatically 
loads the value "vector 
plus one" 
into the 
Status 
Register. 
In addition, 
this 
instruction 
sets the 
Vector 
Clear 
Enable 
flip-flop 
and loads the current 
vector 
value into 


the Vector 
Hold 
Register 
so that this value can be used by the 
Clear 
Interrupt, 
Last 
Vector 
Read 
microinstruction. 
This 
allows the user to read the vector associated 
with the interrupt, 


and at same 
later time clear the 
Interrupt 
Latch and 
Register 


bit associated 
with the vector read. 


The 
Load 
Status 
Register 
microinstruction 
loads S-Bus data 
into the S ,atus Register 
and also loads the LGE flip-flop 
from 


the Group 
Enable input. 


'i 
INSTRUCTION 


INPUTS 


Si 


STATUS 
3 


BUS 


The Load Mask Register 
microinstruction 
loads data from the 
three-state, 
bi-directional 
M-Bus into the Mask Register. 


The 
Read 
Mask 
Register 
microinstruction 
enables 
the 
Mask 


Register 
outputs 
onto 
the 
bi-directional, 
three-state 
M-Bus. 


The Set Mask Register 
microinstruction 
sets all the bits in the 


Mask 
Register 
to 
one. 
This 
results 
in 
all interrupts 
being 


inhibited. 


The entire 
Mask Register 
is cleared 
by the Clear Mask Register 


microinstruction. 
This 
enables 
all interrupts 
subject 
to 
the 


Interrupt 
Enable flip-flop 
and the Status 
Register. 


The Bit Clear Mask Register 
microinstruction 
may be used to 
selectively 
clear 
individual 
Mask 
Register 
bits. 
This 
micro- 


instruction 
clears 
those 
Mask 
Register 
bits 
which 
have cor- 


responding 
M-Bus bits equal 
to one. 
Mask Register 
bits with 


corresponding 
M-Bus 
bits 
equal 
to 
zero 
are 
not 
affected. 


The 
Bit Set Mask 
Register 
microinstruction 
sets those 
Mask 


Register 
bits 
which 
have corresponding 
M-Bus bits equal 
to 
one. Other Mask Register bits are not affected. 


All Interrupt 
Requests 
may be disabled 
by execution 
of the 


Disable 
Interrupt 
Request 
microinstruction. 
This microinstruc- 
tion 
resets an Interrupt 
Request 
Enable 
flip-flop 
on the chip. 


The Enable 
Interrupt 
Request 
microinstruction 
sets the Inter- 


rupt 
Enable 
flip-flop. 
Thus, 
Interrupt 
Requests 
are enabled 
subject 
to 
the 
contents 
of the 
Mask and 
Status 
Registers. 


Vi 


VECTOR 


OUTPUT 


RIPPLE 


DISABLE 


GROUP 
ADVANCE 


SEND 


PIN SYMBOLS 


---{D 
gr,~~~~lLECTOR 


The A 
2914 
block 
diagram 
is shown 
in Figure 3. The Micro- 
instruc 
ion 
Decode 
circuitry 
(Jecodes 
the 
Interrupt 
Micro- 


instruc 
ions and generates 
required 
control 
signals for the chip. 


The 
In errupt 
Register 
holds 
the 
Interrupt 
Inputs 
and 
is an 


eight-bi 
, edge-triggered 
register 
which 
is set on the rising edge 
of the 
P Clock signal if the Interrupt 
Input is LOW. 


The 
In errupt 
latches 
are set/reset 
latches. 
When 
the 
Latch 


Bypass 
signal 
is 
LOW, 
the 
latches 
are 
enabled 
and 
act 
as 
negativ 
pulse catchers 
on the inputs to the Interrupt 
Register. 


When t e Latch 
Bypass 
signal is HIGH, the 
Interrupt 
latches 
are tran 
parent. 


The 
Mafk 
Register 
holds 
the 
eight 
mask bits associated 
with 


the eight 
interrupt 
levels_ The register 
may be loaded 
from or 


read to fhe M-Bus. Also, the entire 
register or individual 
mask 


bits ma~ be set or cleared_ 


The 
Intrrrupt 
Detect 
circuitry 
detects 
the 
presence 
of any 
unmask 
d 
Interrupt 
Input. 
The eight-input 
Priority 
Encoder 


determiryes 
the 
highest 
priority, 
non-masked 
Interrupt 
Input 


and forti's 
a binary coded 
interrupt 
vector. 
Following 
a Vector 


Read, 
the 
three-bit 
Vector 
Hold 
Register 
holds 
the 
binary 


coded 
in~erruPt vector. 
This stored vector can be used later for 


clearing 
nterrupts. 


The thretbit 
Status 
Register 
holds the status 
bits and may be 


loaded 
f om or read to the S-Bus. During a Vector 
Read, the 


Increme 
ter 
increments 
the 
interrupt 
vector 
by one, and the 
result 
is clocked 
into 
the 
Status 
Register. 
Thus, 
the 
Status 
Register 
oints to a level one greater than the vector just read_ 


The three-bit 
Comparator 
compares 
the Interrupt 
Vector with 


the 
conti nts of the Status 
Register and indicates 
if the 
Inter- 


rupt 
Ve tor 
is greater 
than 
or equal 
to the 
contents 
of the 
Status 
R gister_ 


The 
Lowlst 
Group 
Enabled 
Flip-Flop 
is used when 
a number 


of Am2j14's 
are 
cascaded. 
In a cascaded 
system, 
only 
one 
Lowest Group 
Enabled 
Flip-Flop 
is LOW at a time. 
It indicates 
the 
eight 
interrupt 
group, 
whjch 
contains 
the 
lowest 
priority 


interrupt 
level which 
will be accepted 
and is used to form the 
higher or er status 
bits_ 


The Inter 
upt 
Request 
and Group 
Enable logic contain 
various 


gating 
to 
generate 
the 
Interrupt 
Request, 
Parallel 
Disable, 


Ripple Di able, and Group 
Advance 
Send signals. 


The Stat 
s Overflow 
signal is used to disable 
all interrupts. 
It 


indicates 
the 
highest 
priority 
interrupt 
vector 
has been 
read 


and the Sl'atus 
Register has overflowed. 


The 
Clea 
Control 
logic generates 
the 
eight 
individual 
clear 
signals fo 
the 
bits in the 
Interrupt 
Latches 
and 
Register. The 
Vector 
Clear Enable 
Flip-Flop 
indicates 
if the 
last vector read 


was from 
his chip. When it is set it enables the Clear Control 


Logic_ 


The 
CP clock 
signal is used 
to clock 
the 
Interrupt 
Register, 
Mask Register, 
Status 
Register, 
Vector 
Hold Register, 
and the 
Lowest 
Group 
Enabled, 
Vector 
Clear Enable and Status 
Over- 
flow 
Flip.Flops, 
all on 
the 
clock 
LOW-to-HIGH 
transition_ 


The 
Am291.4 
can 
be 
micro programmed 
in many 
different 


ways. 
Fig~re 
4 shows 
an example 
interrupt 
sequence_ 
The 
Read Vectpr microinstruction 
is necessary 
in order to read the 
interrupt 
~ioritY 
level. Since vector 
plus one is automatically 
loaded 
int 
the 
Status 
Register 
when 
a Read 
Vector 
micro- 
instruction 
is 
executed, 
the 
Status 
Register 
possibly 
will 


overflow 
a d disable 
all interrupts_ 
For this reason, the Status 


(~~) 


SAVE STATUS SO 
THAT IT MAY 
BE RESTOAED 
LATEA 


NOT NECESSARY 
WHEN INTERRUPT 
INPUT LATCHES ARE 
BYPASSED 


Register 
must 
be reloaded 
periodically. 
The 
other 
Am2914 


microinstructions 
are optiona I. 


A number 
of input/output 
signals are provided 
for cascading 


the 
Am2914 
Vectored 
Priority 
Interrupt 
Encoder. 
A defini- 


tion 
of 
these 
I/O 
signals 
and 
their 
required 
connections 


follows: 


Group 
Signal 
(GS) - This signal is the output 
of the 
Lowest 


Group 
Enabled 
flip-flop 
and 
during 
a Read 
Status 
micro- 


instruction 
is used to generate 
the high order bits of the Status 
word_ 


Group 
Enable 
(GEl - This signal is one 
of the inputs 
to the 


Lowest 
Group 
Enable flip-flop 
and is used to load the flip-flop 


during the Load Status 
microinstruction. 


Group 
Advance 
Send 
(GAS) - 
During 
a Read Vector 
micro- 
instruction, 
this 
output 
signal 
is 
LOW when 
the 
highest 
priority 
vector 
(vector seven) 
of the group 
is being read. 
In a 


cascaded 
system 
Group 
Advance 
Send 
must 
be tied 
to the 
Group 
A~vance 
Receive 
input 
of the 
next 
higher 
group 
in 


order to transfer 
status 
information. 


Group 
Advance 
Receive 
(GAR) - During 
a Master 
Clear or 
Read 
Vector 
microinstruction, 
this 
input 
signal is used with 


other 
internal 
signals to load the 
Lowest 
Group 
Enabled 
flip- 


flop. 
The 
Group 
Advance 
Receive 
input 
of 
the 
lowest 
priority 
group must be tied to ground. 


Status 
Overflow 
(SV) - This 
output 
signal 
becomes 
LOW 


after 
the 
highest 
priority 
vector 
(vectof" seven) 
of the 
group 


has been read and indicates 
the Status 
Register has overflowed. 


It stays 
LOW until a Master Clear or Load Status 
microinstruc- 


tion 
is executed. 
The 
Status 
Overflow 
output 
of the highest 


priority 
group 
should 
be connected 
to the 
Interrupt 
Disable 


input 
of the 
same group 
and serves to disable 
all interrupts 
until 
new status 
is loaded 
or the system 
is master cleared. 
The 
Status 
Overflow 
outputs 
of lower 
priority 
groups 
shou Id be 


left open (see Figure 7). 


Interrupt 
Disable (15) - When 
LOW, this input 
signal inhibits 
the 
Interrupt 
Request 
output 
from the chip and also generates 


a Ripple Disable output. 


Ripple 
Disable 
(RD) - This output 
signal is used only in the 
Ripple Cfscade 
Mode (see below). 
The Ripple 
Disable output 


is LOW when the 
Interrupt 
Disable input 
is LOW, the Lowest 
Group 
Enabled 
flip-flop 
is LOW, or an 
Interrupt 
Request 
is 


generated 
in the 
group. 
In the 
ripple 
cascade 
mode, 
the 


GROUP 
ADVANCE 
SEND 


INTERRUPT 


DISABLE 
GROUP 


SIGNAL 


GROUP 
ADVANCE 
RIPPLE 
PARALLEL 


RECEIVE 
DISABLE 
DISABLE 


INTERRUPT 
REQUEST 
OUTPUT 


Figure 6.. Interrupt 
Disable Connections 


for Ripple Cascade Mode. 
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CP 
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Parallel 
Disable 
(PO) - This output 
is used only in the parallel 


cascade 
mode 
(see below). 
It is HIGH when the Lowest Group 
Enabled 
flip-flop 
is LOW or an Interrupt 
Request 
is generated 
in the group. 
It is not "affected by the Interrupt 
Disable input. 


A single 
Am2914 
chip 
may be used to prioritize 
and encode 
up to eight 
interrupt 
inputs. 
Figure 
5 shows 
how the above 
cascade 
lines should 
be connected 
in such a single chip system. 


The Group 
Advance 
Receive and Group 
Enable 
inputs should 


be connected 
to ground 
so that 
the 
Lowest 
Group 
Enabled 


flip-flop 
is forced 
LOW during 
a Master 
Clear or Load Status 


microinstruction. 
Status 
Overflow 
should 
be 
connected 
to 


Interrupt 
Disable 
in order 
to disable 
interrupts 
when 
vector 


seven 
is 
ead. 
The 
Group 
Advance 
Send, 
Ripple 
Disable, 


Group 
Signal 
and 
Parallel 
Disable 
pins should 
be left open. 


The 
Am2914 
may 
be cascaded 
in either 
a Ripple 
Cascade 
Mode or a Parallel Cascade Mode. In the Ripple Cascade Mode, 
the 
Interrupt 
Disable 
signal, 
which 
disables 
lower 
priority 
interrupts 


1 


is allowed 
to ripple through 
lower priority 
groups. 
Figures 
6, 9 and 
11 show 
the 
cascade 
connections 
required 


for a ripple cascade 64 input interrupt 
system_ 


Generator. 
Figures 
7,9 
and 10 show the cascade 
connections 
required 
for a parallel 
cascade 
64-input 
interrupt 
system. 
For 


this application, 
the Am2902 
is used as a lookahead 
interrupt 


disable 
generator. 
A Parallel 
Disable .output 
from 
any 
group 


results 
in the disabling 
of all lower priority 
groups 
in parallel. 


Figure 8 shows the Am2902 
logic diagram and equations. 


In Figures 9 and 
10, the Am2913 
Priority 
Interrupt 
Expander 


is shown 
forming 
the 
high order 
bits of the vector and status, 


respectively. 
The Am2913 
is an eight-line 
to three-line 
priority 
encoder 
with 
three-state 
outputs 
which 
are 
enabled 
by the 


five output 
control 
signals G1, G2, G3, G4, and G5. In Figure 


9, the 
Am2913 
is connected 
so that 
its outputs 
are enabled 
during 
a 
Read 
Vector 
instruction, 
and 
in 
Figure 
10 
the 


Am2913 
is connected 
so that 
its outputs 
are enabled 
during a 


Read 
Status 
instruction. 
The 
Am2913 
logic 
diagram 
and 


truth 
table are shown in Figure 11. 


The 
Am25LS138 
three-line 
to 
eight-line 
Decoder 
also 
is 
shown 
in Figure 
10. It is used to decode 
the three 
high order 
status 
bits during 
a Load Status 
instruction. 
The Am25LS138 


logic diagram and truth 
table are shown in Figure 12. 
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Figure 
10. 
Group 
Signal, 
Group 
Enable, 
Group 
Advance 
Send, Group 
Advance 
Receive and Status 
Connections 
for Both the Parallel 
and Ripple 
Cascade Modes. 
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H =: HIGH 
Voltage 
Level 


L = LOW 
Voltage 
Level 


X = Don't 
Care 


For 
G1 
=: H, 
G2 
= H, 


G3 = L, G4 ~ L, G5 = L 


G, 
G' 
G3 
G. 
GS 
A, 
A, 
A, 


H 
H 
l 
l 
l 
Enabl,d 
L 
x 
x 
x 
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X 
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X. 
H 
X 
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Z 
Z 
Z 
x 
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X 
H 
X 
Z 
Z 
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x 
x 
x 
X 
H 
Z 
Z 
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G' 
Yo 


G2A 


Y, 


G2B 


Y, 


Y3 


Y. 


A 


Ys 


Inputs 
. 


Outputs 
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Select 
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H ~ HIGH 
L = LOW 


X 
=: Don't 
Care 


Am29Y 


EXAMPLE INTERRUPT 
SYSTEMS DESIGNS 


FOR AN Am2900 SYSTEM 


A classical 
computer 
architecture 
is shown 
in Figure 
13. The 


Computer 
Control 
Unit controls 
the internal 
busses and sub- 


systems 
f the 
processor, 
synchronizes 
internal 
and 
external 


events 
a~d 
grants 
or 
denies 
permission 
to external 
systems. 
The data 
bus is commonly 
used by all of the subsystems 
in 


the 
computer. 
Information, 
instructions, 
address 
operands, 


data 
and sometimes 
control 
signals are transmitted 
down the 
data bus under 
control 
of a microprogram. 
The microprogram 


selects 
the 
source 
of the data as well as the destination(s) 
of 


the data. 
The Address 
Bus is typically 
used to select a word in 


memory 
for 
an 
internal 
computer 
function 
or to select 
an 


input/output 
port 
for 
an 
external 
subsystem 
or 
peripheral 


function 
The 
source 
of 
the 
data 
for 
the 
address 
bus, also 


selected 
by 
microprogram 
commands, 
may 
be the 
program 


counter, 
the memory 
address 
register, a direct 
memory 
address 
controller, 
an interface 
controller, 
etc. 


The arit 
metic/logic 
unit 
(ALU) 
is that 
portion 
of the proc- 


essor th t computes. 
Under control 
of the microprogram, 
the 
ALU 
performs 
a number 
of different 
arithmetic 
and 
logic 


function~ 
on data 
in the 
working 
registers 
or from 
the 
data 
bus. Thj 
ALU 
also 
provides 
a set 
of 
condition 
codes 
as a 
result ofj the current 
arithmetic 
or logic operation. 
The condi- 


tion 
codes, along with other 
computer 
status 
information, 
are 


stored 
in 
a 
register 
for 
later 
use 
by 
the 
programmer 
or 


computer 
control 
unit. 


The program 
counter 
and the memory 
address 
register are the 


two mai n sources 
of memory 
word and I/O address select data 
on the address 
bus. The program 
counter 
contains 
the address 
of the 
next 
instruction 
or instruction 
operand 
that 
is to be 


fetched 
from 
main memory, 
and the 
memory 
address 
register 


contains 
instruction 
address 
operands 
which 
are necessary 
to 


fetch 
the 
data 
required 
for 
the 
execution 
of 
the 
current 


instruction. 


A subroutine 
address 
stack 
is provided 
to allow 
the 
return 
address 
linkage 
to 
be 
handled 
easily 
when 
exiting 
a sub- 


routine. 
The address 
stack 
is a last-in, 
first-ou~ 
stack 
that 
is 


controlled 
by a jump-to-subroutine, 
PUSH, or a return-from- 
subroutine, 
POP, instruction 
from 
the 
CCU microinstruction 
word. 


The 
next 
microprogram 
address 
control 
(NMAC) 
circuitry 
controls 
the 
generation 
of microinstruction 
addresses. 
Based 
on microprogram 
control, 
interrupt 
requests, 
test 
conditions 
and 
commands 
from 
a control 
panel 
or other 
processor, 
the 


NMAC 
determines 
the 
address 
of the 
next 
microinstruction 


to be executed. 


For a more 
detailed 
description 
of the above 
portions 
of the 
computer, 
refer to Advanced 
Micro Devices' Application 
Note 


A Microprogrammed 
16 Bit Computer 
by James 
R.W. Clymer. 


A~I2914 PRIORITY INTERRUPT ENCODER 
DETAILED LOGIC DESCRIPTION 


I 


INTRO~UCTION 


A 
clear 
understanding 
of 
the 
Am2914 
Priority 
Interrupt 


controllJr's 
operation 
facilitates 
its efficient 
use. With 
that 


idea in mind, 
a detailed 
logic description 
of the 
Am2914 
is 


presenteclt 
here. 
A detailed 
logic 
diagram 
and control 
signal 


truth 
ta91e are shown, 
and significant 
aspects 
of the Am2914 


design arf described 
verbally. 


INA6 


v; 


p. 


lNRs 


v~ 


P, 


INR4 


vo 


P3 


INR3 


LOGIC DIAGRAM 
DESCRIPTION 


The 
Interrupt 
Latches 
and 
Register 
are shown 
in Figure 
1. 


The 
Interrupt 
latches 
are 
set/reset-type 
latches. 
When 
the 


Latch 
Bypass signal is LOW, the latches are enabled 
and act as 


negative 
pulse catchers 
on the inputs to the Interrupt 
Register. 2 


When the 
Latch 
Bypass 
signal is HIGH, the 
Interrupt 
latches 
are 
transparent. 
The 
Interrupt 
Register 
holds 
the 
Interrupt 
Inputs 
and is an eight-bit, 
edge-triggered 
register. 
It is updated 


on the 
LOW-to-HIGH 
transition 
of the clock 
pulse 
(HIGH-to- 


LOW transition 
of the CP signal) as are all of the flip-flops 
on 
the chip. 


When a Read Vector 
instruction 
is executed, 
the binary coded 


vector 
is loaded 
into 
the 
Vector 
Hold 
Register 
of Figure 
2. 


This stored 
vector 
can be used later for clearing 
the 
interrupt 


associated 
with the last vector that was read. The Vector 
Clear 


Enable Flip-Flop 
of Figure 2 is set when a Read Vector 
instruc- 


tion 
is executed 
and the PASS ALL signal is HIGH. A HIGH 


PASS ALL 
signal 
level indicates 
that 
this 
group 
is enabled 


and that 
an interrupt 
request 
in this group was detected 
and 


passed 
priority. 
The 
Vector 
Hold 
Register 
and 
the 
Vector 


Clear Enable 
Flip-Flop 
are cleared 
when 
a Master Clear, Clear 


All Interrupts, 
or Clear Interrupt 
Last Vector 
Read is executed. 


Table 
1 shows the generation 
of the 
UN and R" control 
signals 
for each of these operations. 


INTERRUPT 
_ 


DETECT 
DET 


OET 


The Interrupt 
Request Detect and Priority Encode circuitry 


are 
shown 
in 
Figure 4. 
The 
Interrupt 
Detect 
circuitry 


detects 
the presence of any unmasked 
Interrupt 
Input. The 


eight-input 
Priority Encoder determines 
the highest priority, 


non-masked 
Interrupt 
Input 
and 
forms 
a binary 
coded 


interrupt 
vector, Vo- V2. 


The Clear Control 
logic of 
Figure 5 
generates 
the eight 


individual clear signals for the eight Interrupt 
Register bits. 


Under 
microinstruction 
control, 
all interrupts, 
interrupts 


with corresponding 
mask register 
bits set, interrupts 
with 


corresponding 
mask bus bits equal to one, or the interrupt 


associated 
with the last vector read may be cleared. Table 1 


shows the generation 
of the "J" and "K" 
control 
signals 


for each of these operations. 


The 
thrte-bit 
Comparator 
of 
Figure 
6 compares 
the 
inter- 


rupt 
ve tor 
with 
the 
contents 
of 
the 
Status 
Register. 
A 


LOW si nal 
level at the 
PASS 
PRIORITY 
output 
indicates 
that 
the 
interrupt 
vector 
is greater 
than 
or equal to the con- 


tents of 
he Status 
Register. 


" 


CP 


LOWEST GROUP 
ENABLED 
FlIP·FlOP 


CP 


The Lowest 
Group 
Enabled 
Flip-Flop, 
Figure.7, 
is used when 


a number 
of Am2914's 
are cascaded. 
In a cascaded 
system, 
only 
one Lowest 
Group 
Enabled 
Flip-Flop 
is LOW at a time. 
It indicates 
~he group which contains 
the lowest priority 
inter- 


rupt which will be accepted 
and is used to form the high order 


status 
bits. 
When a Load Status 
instruction 
is executed, 
the 
flip-flop 
is loaded 
from the GROUP 
ENABLE 
input. 
When a 


Master 
Clear 
instruction 
is executed, 
it is loaded 
from 
the 


GROUP 
ADVANCE 
RECEIVE 
input. 
The 
flip-flop 
is set 


HIGH when a Read Vector 
instruction 
is executed 
if a Group 


Advance 
is not 
received 
and 
no 
interrupt 
in this 
group 
is 


detected, 
if a Group 
Advance 
is sent 
from 
this 
group, 
or if 


interrupts 
from 
this group are disabled. 
For all other 
instruc- 


tions, 
the 
flip-flop 
remains 
the 
same. 
Table 
1 shows 
the 
generation 
of the 
"N", 
"L" 
and "M" control 
signals for these 
operations. 


The Status 
Register 
holds 
the 
status 
bits and may be loaded 
from 
or read to the 
"S" 
bus as shown 
in Figure 8. Note that EI 
when 
a Load Status 
instruction 
is executed, 
status 
from 
the 
"S" 
bus is loaded 
into the Status 
Register only if the GROUP 


ENABLE 
input 
is LOW; if the 
GROUP 
ENABLE 
input 
is 


HIGH, 
the 
Status 
Register 
is cleared. 
Also note 
that 
during 
a 
Read 
Status 
instruction, 
the 
Status 
Register 
outputs 
are 
enabled 
onto 
the 
"S" 
bus only if the 
Lowest 
Group 
Enabled 


Flip-Flop 
of this group 
is LOW. When a Read Vector 
instruc- 


tion 
is executed, 
the incrementer 
increases 
the vector 
by one 
and 
the 
result 
is loaded 
into 
the 
Status 
Register. 
Thus, 
the 


Status 
Register 
always 
points 
to the 
lowest 
level at which 
an 


interrupt 
will be accepted. 
Table 
1 shows 
the 
generation 
of 
the 
"F", 
"G" 
and "OE-S" 
control 
signals for Status 
Register 
operations. 


The 
Interrupt 
Request 
Logic, shown in Figure 9, generates 
the 


RIPPLE 
DISABLE, 
PARALLEL 
DISABLE, 
INTERRUPT 


REQUEST, 
GROUP 
ADVANCE 
SEND, and STATUS 
OVER- 


FLOW 
output 
signals. 
The 
PARALLEL 
DISABLE 
signal 
is 
generated 
when 
the 
Lowest 
Group 
Enabled 
signal is LOW or 


an 
interrupt 
request 
in this 
group 
is detected 
and 
passes 


priority. 
The 
RIPPLE 
DISABLE 
signal is generated 
when the 


PARALLEL 
DISABLE 
signal is generated 
and also when the 


INTERRUPT 
DISABLE input signal is LOW. The INTERRUPT 


REQUEST 
output 
signal is generated 
when 
interrupt 
requests 


in this group 
are enabled 
and a request 
is detected 
and passes 
priority. 
The 
GROUP 
ADVANCE 
SEND 
output 
signal 
is 
generated 
when 
a vector 
of value 
seven 
is being 
read. 
The 


Status 
Overflow 
Flip-Flop 
is set LOW when 
a vector 
of value 
seven is read and indicates 
the Status 
Register has overflowed. 


The 
Interrupt 
Request 
Enable 
Flip-Flop 
is either 
set or reset 


by the 
Enable 
Request 
or Disable 
Request 
microinstructions 


respectively, 
and is used to enable or disable the INTERRUPT 


REQUEST 
output. 
Table 
1 shows 
the 
generation 
of control 
signals "D", 
"E", 
"S" and "H". 


Note that 
the 
vector 
outputs 
are enabled 
only when a Read 


Vector 
is being executed. 
Also note that 
when a Read Vector 
instruction 
is executed, 
the 
vector 
outputs 
will be disabled 
after the execution 
of the instruction 
since the Status 
Register 


is loaded 
with V+1, and the 
INTERRUPT 
REQUEST 
will no 


longer 
be generated. 


The 
Microinstruction 
Decode 
circuitry, 
Figure 
10, 
decodes 


the 
Am2914 
microinstructions 
and 
generates 
the 
required 


internal 
control 
signals. 
Table 
1 shows 
the 
truth 
table 
for 
these functions 
and Figure 
11 shows the function 
tables. 


I 
Mask 
Status 
Group 
Clear 
Irpt 
Vector 


Microinstruction 
Function 
Register 
Register 
Enable 
Con- 
Request 
Hold 
Other 


trol 
Enable 
Register 


Decimal 
IE 
13 
12 
11 
10 
Description 
A 
B 
C 
OE-M 
F 
G 
OE-S 
L 
M 
J 
K 
0 
E 
N 
R 
S 
H 


0 
0 
0 
0 
0 
0 
Master 
Clear 
0 
0 
1 
0 
0 
0 
, 
1 
0 
1 
1 
0 
1 
0 
0 
1 
1 


1 
0 
0 
0 
0 
1 
Clear 
All 
Interrupts 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 , 
1 
X 
0 
0 
1 
0 
2 
0 
0 
0 
1 
0 
Clear Intf 
Via M Bus 
1 
0 , 
0 
0 
1 
1 
0 
1 
1 
0 
1 
X 
0 
1 
1 
0 


3 
0 
0 
0 
1 
1 
Clear lntr 
Via M Reg 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
0 
1 
X 
0 
1 
1 
0 


4 
0 
0 
1 
0 
0 
Clear 
Intf, 
Last 
Vector 
1 
0 
1 
0 
0 
1 
, 
0 
1 
0 
1/0 
1 
X 
0 
0 
1 
0 
5 
0 
0 
1 
0 
1 
Read 
Vector 
1 
0 
1 
0 
0/1 
0 
1 
0 
0 
0 
0 
1 
X 
1 
0 
0 
1 
6 
0 
0 
1 
1 
0 
Read Status Reg 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
X 
0 
1 
1 
0 
7 
0 
0 
1 
1 
1 
Read 
Mask 
Reg 
1 
0 
1 
1 
0 
1 
1 
0 
1 
0 
0 
1 
X 
0 
1 
1 
0 
8 
0 
1 
0 
0 
0 
Set Mask 
Reg 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
X 
0 
1 
1 
0 
9 
Q 
1 
0 
0 
1 
Load 
Status 
Reg 
1 
0 
1 
0 
1 
1 
1 
1 
1 
0 
0 
1 
X 
0 
1 
1 
1 
10 
0 
1 
0 
1 
0 
Bit 
Clear 
Mask 
Reg 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 , 
X 
0 
1 
1 
0 
11 
0 
1 
0 
1 
1 
Bit 
Set Mask 
Reg 
1 
1 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
X 
0 
1 
1 
0 


12 
0 
1 
1 
0 
0 
Clear 
Mask 
Reg 
0 
0 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
X 
0 
1 
1 
0 
13 
0 
1 
1 
0 
1 
Disable Request 
1 
0 
1 
0 
0 
, 
1 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
14 
0 
1 
1 
1 
0 
Load 
Mask 
Reg 
0 
1 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
X 
0 
1 
1 
0 
15 
0 
1 
1 
1 
1 
Enable Request 
1 
0 
1 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
0 
1 
1 
0 


X 
1 
X 
X 
X 
X 
Instruction 
Disable 
1 
0 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
X 
0 
1 
1 
0 


Notes: ,l Control 
line "F" 
durin 
"READ 
VECTOR" 
instruction 
is 0 when "PASS ALL" 
is LOW and 1 when "PASS ALL" 
is HIGH. 
9 
2. 
Control 
line "K" 
during 
"Clear 
Int', 
Last Vector" 
instruction 
is 0 when 
"Vector 
Clear Enable" 
is LOW and 
1 when 
"Vector 
Clear 
Enable" 


is HIGH. 


'0 


" 


I 


'2 


" 


P 55 ALL 


A 
B 
C 
FUNCTION 


0 
0 
0 
SET 
0 
0 
1 
CLEAR 
0 
1 
0 
BfT 
CLEAR 
0 
1 
1 
LOAD 


1 
0 
1 
HOLD 


1 
1 
1 
BIT SET 


FUNCTION 


NO 
CLEAR 
t 
CLEAR 
IRPT. 
VECTOR 
o 
CLEAR 
tAPTS 
VIA 
M 
1 
CLEAR 
ALL IAPTS 


MICROINSTRUCTION 


OECO!JE 


CIRCUITRY 
(SEE TABLE 
1) 


N 
FUNCTION 
o 
HOLD 


1 
LOAD 


UPDATE 


HOLD 
LOAD VIA GROUP 
ADVANCE 
RECEIVE 


LOAD VIA GROUP 
ENABLE 


F 
G 
FUNCTION 


0 
0 
CLEAR 
0 
1 
HOLD 
1 
0 
lOAD 
VECTOR + 1 


1 
1 
LOAD 
VIA 
"5" 
BUS 


o 
E 
FUNCTION 


o 
0 
DISABLE 
IRPTS 
o 
1 
ENABLE 
IAPTS 


1 
X 
HOLD 


N 
R 
FUNCTION 


CLEAR 


HOLD 
LOAD 


H 
FUNCTION 


HOLD 
LOAD 


The Mask Register shown in Figure 3 holds the eight mask 
bits associated 
with the eight interrupt 
levels. The register 


may be set or cleared, bit set or bit cleared from the "M" 


bus, or loaded or read to the "M" bus. Table 1 shows the 
generation 
of 
the 
"A", 
"B", 
"C" 
and 
"OE-M" 
control 


signals for each of these operations. 


Am2915A 
Quad Three-State 
Bus Transceiver 
With Interface 
Logic 


Distinctive 
haracteristics 


• 
Quad hig -speedLSI bus-transceiver 
• 
Three-sta e bus driver 


• 
Two-po 
input to D-type register on driver 
• 
Busdrive output can sink 48mA at 0.5V max. 


• 
Receiver asoutput latch for pipeline operation 


• 
Three-state receiver outputs sink 12mA 
• 
Advanced low-power Schottky processing 


• 
100% reliability 
assurancetesting in compliance with 


MI L-STD-883 
• 
3.5V minimum 
output 
high voltage 


face to MOS microprocessors 


FUNCTIO 
Al 
DESCRIPTION 


The Am2915A 
is a high-performance, 
low-power 
Schottky 
bus 


transceiver 
ntended 
for bipolar or MaS microprocessor 
system 


applications 
The device consists 
of four D-type edge-triggered 


flip-flops 
w 
h a built-in 
two-input 
multiplexer 
on each. The 


flip-flop 
ou 
uts are connected 
to four three-state 
bus drivers. 
Each 
bus 
river 
is internally 
connected 
to 
the 
input 
of a 


receiver. 
Th 
four 
receiver 
outputs 
drive four 
D-type 
latches 


that feature 
hree-state 
outputs_ 


This 
lSI 
b s transceiver 
is fabricated 
using 
advanced 
low- 
power Schot 
ky processing. 
All inputs 
(except the BUS inputs) 


are one 
LS 
nit load. The three-state 
bus output 
can sink up 


to 48mA 
at O.5V maximum. 
The 
bus enable 
input 
(BE) is 


used to forc 
the driver outputs 
to the high-impedance 
state. 


When BE is 
IGH, the driver is disabled. 
The VOH and VOL of 


the bus driv r are selected 
for compatibility 
with standard 
and 


Low-Power 
hottky 
inputs. 


The 
input 
r gister 
consists 
of four 
D-type 
flip-flops 
with 
a 


buffered 
co 
mon 
clock 
and a two-input 
multiplexer 
at the 


input of each flip-flop. 
A common 
select input (S) controls 
the 


four 
multiple 
ers. When S is LOW, the Ai data is stored 
in the 
register and 
hen S is HIGH, the Bi data is stored. The buffered 


common 
c10J 
(DRCP) 
enters 
the data into this driver re9ister 


on the LOW-t -H IGH transition. 


Data 
from 
th 
A or B inputs 
is inverted 
at the 
BUS output. 
Likewise, 
dat 
at the BUS input is inverted 
at the receiver out- 


put. 
Thus, 
da a is non-inverted 
from 
driver 
input to receiver 


output. 
The fpur 
receivers 
each feature 
a built-in 
D-type latch 


that 
is contr 
lied 
from 
the 
buffered 
receiver 
latch 
enable 
(R LE) input. 
When the 
R LE input 'is LOW, the 
latch is open 


and the receiVE outputs 
will follow 
the bus inputs 
(BUS data 


inverted 
and 
E LOW). When 
the 
RLE input 
is HIGH, 
the 
latch 
will c10s 
and 
retain 
the 
present 
data 
regardless 
of the 


bus input. 
Th 
four 
latches 
have three-state 
outputs 
and are 
controlled 
by a buffered 
common 
three-state 
control 
(OE) 


input. 
When 
E is HIGH, the receiver outputs 
are in the high- 


impedance 
sta 
. 


13 


23 
DRCP 


R, 
'0 


11 
.E 
Am2915A 


R2 
" 
RlE 


12 
R3 
22 


17 
19 


Vcc 
= Pin 24 


GND1 
= Pin 
6 


GND2 
= Pin 
18 


CONNECTION 
DIAGRAM 
Top View 


RlE 
2. 
VCC 


RO 
23 
ORCP 


·0 
22 
R3 


AO 
21 
·3 


.USo 
20 
A3 


GND1 
" 
BUS3 


Am2915A 


BUS, 
,. 
GND2 


A, 
17 
.Us, 
., 
,. 
A2 


R, 
'0 
15 
·2 


BE 
11 
" 


R, 


DE 
12 
13 


AO 


BO~ 


A, 


B, 


A2 


B2 


A, 


B3 


SELECT 


DRIVER 
ORCP 
CLOCK 


BUS 


ENABLE 
BE 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltflge to Ground 
Potential 


DC Voltage 
~pplied 
to Outputs 
for HIGH Output 
State 


DC Input V91tage 


DC Output 
Current, 
Into Outputs 
(Except 
Bus) 


DC Output 
Current, 
Into Bus 


DC Input Current 


RECEIVER 
0----0 
ALE LATCH 
ENABLE 


-65°C 
to +150°C 


_55°C 
to +125°C 


-O.5V 
to "+7V 
-O.5V 
to +VCC max. 


-O.5V 
to +7V 


30mA 


100mA 


-30mA 
to +5.0mA 


T A = aOe to +70oC 
T A = -5SoC 
to +125°C 


10L = 24mA 
0.4 
VOL 
Bus Output 
LOW Voltage 
VCC = MIN. 
Volts 


10L - 4BmA 
0.5 


VOH 
Bus Output 
HIGH 
VOltage 
VCC = MIN. 
I COM'L, 
10H = -20mA 


2.4 
Volts 
I 
MIL, 
10H = -15mA 


VO-O.4V 
-200 


10 
Bus Leakage 
Current 
VCC = MAX. 
Vo 
= 2.4 V 
50 
I"A 
(High 
Impedance) 
Bus enable = 2.4 V 
Vo 
- 4.5V 
100 


10FF 
Bus Leakage 
Current 
VO=4.5V 
100 
I"A 
(Power 
OFF) 
VCC = OV 


V,H 
Receiver 
Input 
HIGH 
Threshold 
Bus enable = 2.4 V 
2.0 
Volts 


VIL 
I 


COM'L 
0.8 
Receiver 
Input 
LOW Threshold 
Bus enable = 2.4 V 
Volts 
MIL 
0.7 


ISC 
Bus Output 
Short 
Circuit 
Current 
VCC = MAX. 
-50 
-120 
-225 
Vo 
= OV 
mA 


Am2915A 


ELECTRIC)! 
L CHARACTERISTICS 


The following 
co ditions 
apply 
unless otherwise 
noted: 


Am2915AXe 
(e :JM'L) 
T A = aOc to +70°C 
VeeM1N. 
~ 4.75V 
VeeMAX. 
~ 5.25V 


Am2915AXM 
(~ IL) 
TA = -5SoC 
to +12SoC 
VeeMIN. 
~ 4.50V 
VeeMAX. 
~ 5.50V 


DCCHARA 
TERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
Typ. 


Parameters 
Description 
Test Conditions 
(Note 
1) 
Min. 
(Note 
2) 
Max. 
Units 


vcc 
= MIN. 
I 
MIL: 
10H = -1.0mA 
2.4 
3.4 


VOH 
R ceiver 
VIN 
~ VIL 
or VIH 
I 
COM'L: 
10H ~ -2.6mA 
2.4 
3.4 
VailS 
O~tput 
HIGH 
Voltage 
Vct 
= 5.0V, 
10H = -1001lA 
3.5 


10L -4.0mA 
0.27 
0.4 


VOL 
o lput 
LOW Voltage 
VCC = MIN. 


10L -8.0mA 
0.32 
Volts 
(E xcept 
Bus) 
VIN 
~ VIL 
or VIH 


0.45 


10L - 12mA 
0.37 
0.5 


VIH 
In 
ut HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
(E xcept 
Bus) 
for all inputs 


VIL 
In 
ut LOW Level 
Guaranteed 
input 
logical LOW 
MIL 
0.7 


(E 
cept Bus) 
Volts 


for all inputs 
COM'L 
0.8 


VI 
In 
ut Clamp Voltage 
(Except 
Bus) 
VCC - MIN .• IIN - -18mA 
-1.2 
Volts 


BE, RLE 
-0.72 
IlL 
input 
LOW Current 
(Except 
Bus) 
VCC = MAX .• VIN 
= 0.4 V 
mA 


All other 
inputs 
-0.36 


IIH 
In 
ut HIGH 
Current 
(Except 
Bus) 
VCC = MAX., 
VIN 
= 2.7V 
20 
IlA 


I( 
in 
ut HIGH 
Current 
(Except 
Bus) 
VCC = MAX., 
VIN 
~ 7.0V 
100 
IlA 


'SC 
o tput 
Short 
Circuit 
Current 
VCC ~ MAX. 
-30 
-130 
mA 


(E cept Bus) 


ICC 
Pc wer Supply 
Current 
VCC = MAX. 
63 
95 
mA 


10 


0 
-State Output Current 
VCC = MAX. 


VO-2.4V 
50 


(Rfceiver 
Outputs) 
VO-O.4V 
IlA 


-50 


SWITCHING 
HARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


Am2915AXM 
Am2915AXC 


Typ. 
Typ, 


Parameters 
Description 
Test Conditions 
Min, 
(Note 
2) 
Max. 
Min. 
(Note 
2) 
Max. 
Units 


'PHL 
21 
36 
21 
32 
Diver 
Clock 
(DRCPI 
to Bus 
ns 
tpLH 
CL (BUS) ~ 50pF 
21 
36 
21 
32 


'ZH. 
'ZL 
s Enable (BE) to Bus 


RL (BUS) ~ 130!1 
13 
26 
13 
23 
B 
ns 
'HZ. 
'LZ 
13 
21 
13 
18 


ts 
15 
12 


D ta Inputs 
(A or B) 
ns 


th 
8.0 
6.0 


's 
28 
25 


S lect Input 
(S) 
ns 


th 
8.0 
6.0 


tpw 
Driver 
Clock 
(DRCP) 
Pulse Width 
20 
17 
ns 
(~IGH) 


tPLH 
8 s to Receiver Output 
18 
33 
18 
30 


(L 
tch Enable) 
ns 


tpHL 
CL~15pF 
18 
30 
18 
27 


tPLH 
RL=2.0k!1 
21 
33 
21 
30 
La ch Enable to Receiver Output 
ns 
tpHL 
21 
30 
21 
27 


ts 


to Latch 
Enable (RLE) 


15 
13 


Bu 
ns 


th 
6.0 
4.0 


tZH. 
tZL 
14 
26 
14 
23 
Ou 
put 
Control 
to 
Receiver 
Output 
ns 
tHZ. 
tLZ 
CL =5pF. 
RL =2.0k!1 
14 
26 
14 
23 


Notes: 
1. For condi 
ions 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typical 
Ii 
its are at VCC = 5.0V, 
25°C 
ambient 
and 
maximum 
loading. 
3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of 
the 
short 
circuit 
test 
should 
not 
exceed 
one second. 


2·185 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
lITE 
1 
'3 
DRCP 


TO DEViCE 
FUNCTION 


S 
AI 
BI 
DRCP 
BE 
ATE 
DE 
oi 
01 
BUSj 
RI 


X 
X 
X 
X 
H 
X 
X 
X 
X 
Z 
X 
Driver output 
disable 
RO , 
22 
R3 
X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
Z 
Receiver output 
disable 
·0 
3 
21 
·3 
X 
X 
X 
X 
H 
L 
X 
L 
H 
Driver 
output 
disable 
and 


H 
receive data via Bus input 
'0 
4 
'0 
'3 
X 
X 
X 
X 
H 
L 
X 
L 


BUSo 
5 
'9 
BUS3 


X 
X 
X 
X 
X 
H 
X 
X 
NC 
X 
X 
Latch received data 


L 
L 
X 
t 
X 
X 
X 
L 
X 
X 
X 
GNDI 
6 
I. 
GND2 


L 
H 
X 
t 
X 
X 
X 
H 
X 
X 
X 


Load driver register 


BUS1 
17 
BUS2 
H 
X 
L 
t 
X 
X 
X 
L 
X 
X 
X 


H 
X 
H 
t 
X 
X 
X 
H 
X 
X 
X 
., 
I• " 
X 
X 
X 
L 
X 
X 
X 
NC 
X 
X 
X 
No driver clock restrictions 
., 9 
15 ., 


X 
X 
X 
H 
X 
X 
X 
NC 
X 
X 
X 
R1 10 
" 
R, 
X 
X 
X 
X 
X 
X 
L 
X 
H 
X 


Drive Bus 
X 
X 
X 
X 
X 
X 
H 
X 
X 


H = HIGH 
Z = HIGH 
Impedance 
X = Don't 
care 
i = 0, 1.2,3 
BE 
11 
13 
S 


L = LOW 
NC = No change 
t = LOW 
to HIGH 
transition 


AO. A,. 
A2. A3 
The 
"A" 
word 
data 
input 
into 
the 
two 


input 
multiplexer 
of the driver 
register. 


BUSO.BUS, 


BUS2.BUS3 


RO. R,. 
R2. R3 


The 
four 
driver 
outputs 
and 
receiver 
in- 


puts (data is inverted). 


BO. B,. 
B2. B3 
The 
"8" 
word 
data 
input 
into 
the 
two 
input 
multiplexers 
of the driver 
register. 


Bus Enable. When the Bus Enable is HIGH. 
the four drivers are in the high impedance 
state. 


The four 
receiver 
outputs. 
Data from 
the 


bus is inverted 
while 
data from 
the A or 8 


inputs 
is non-inverted. 


Receiver 
Latch 
Enable. 
When 
R LE 
is 


LOW. 
data 
on the 
8US 
inputs 
is passed 


through 
the 
receiver 
latches. 
When 
R LE 


is HIGH. 
the 
receiver 
latches 
are closed 


and 
will 
retain 
the 
data 
independent 
of 
all other 
inputs. 


Output 
Enable. 
When 
the 
OE 
input 
is 


HIGH. 
the 
four 
three 
state 
receiver 
out- 


puts are in the high-impedance 
state. 


S 
Select. When the select input 
is LOW. the 
A data 
word 
is applied 
to the driver 
reg- 
ister. When the select input 
is HIGH. 
the 
8 word 
is applied 
to the driver 
register. 


DRCP 
Driver 
Clock 
Pulse. 
Clock 
pulse for 
the 


driver 
register. 


Order the part number according to the table below to obtain the desired package. temperature range, and screening level. 


Package Type 
Operating Range 
Screening Level 


(Nate 1) 
(Nate 2) 
(Nate 3) 


P-24 
C 
C-1 
0-24 
C 
C-1 
0-24 
C 
8-1 
0-24 
M 
C-3 
0-24 
M 
8-3 
F-24-1 
M 
C-3 
F-24-1 
M 
8-3 


Dice 
c} 
Visual inspection 
Dice 
M 
to MIL-STD-883 
Method 20108. 


AM2915APC 
AM2915ADC 
AM2915ADC-8 
AM2915ADM 
AM2915ADM-8 
AM2915AFM 
AM2915AFM-8 


AM2915AXC 
AM2915AXM 


Nates: 1. P = Molded DIP. 0 = Hermetic DIP, F = Flat Pak. Number fallowing letter is number of leads. See Appendix 8 for detailed outline. 


Where Appendix 8 contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = O°Cto + 70'C, Vcc 
= 4.75V to 5.25V, M = - 55'C to + 125'C, Vcc 
= 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level 8-3 conforms to MIL-STD-883, 


Class 8. 


J 


INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


'CL ~ 15pF for tPLH. tpHL. 


tZL. tZH 


CL = 5pF for tHZ. tLZ 


f 
\ 
f 


3.0V 


DRIVER 
1.3V 


CLOCK 


OV 
i't'-I 
I 


~ 


3.QV 


A, 8 or S ~. 
1/////////// 


""'~ 


l.JV 
INPUT 


OV 


tPlH~ f 
r-\ 


VOH 


BUS 
1.3V 
OUTPUT 


'PHLB 
tPLH~ 
1:= 


VOL 


VOH 


RECEIVER 
\ 
F 


13V 
OUTPUT 


VOL 


Note: 
Bus to Receiver output 
delay is measured by clocking 
data into the driver register 


and measuring 
the BUS to R combinatorial 
delay. 


I 
I 


A 
CONTROL 
B 
IN 
CONTROL f- 


ALU 
SCRATCHPAD 
- 


MASTER 
CONTROL 


OUT 
OUT 


I 


ADDRESS 
REMOTE 


A~D 
OPERATION 
DATA DISPLAY 


I 
I 


A 
B 
CONTROL 
A 
B 
CONTROL 
A 
B 
CONTROL 


Am2915A 
Am2915A 
Am2915A 


R 
BUS 
R 
BUS 
R 
BUS 
l-J 


The Am2915A 
is a universal 
Bus Transceiver 
useful for many system data, address, control 
and 
timing input/output 
interfaces. 


Am2916A 


Quad Three-State 
Bus Transceiver 
With Interface 
Logic 


Distinctive CI aracteristics 


• 
Quad high- peed LSI bus-transceiver 
• 
Three-state bus driver 
• 
Two-port i~put to D-type register on driver 
• 
Bus driver ~utPut can sink 48mA at 0.5V max. 
• 
Internal od 
4-bit parity checker/generator 
• 
Receiver h s output latch for pipeline operation 


FUNCTION~L 
DESCRIPTION 


The 
Am291 
A 
is a high-performance, 
low-power 
Schottky 


bus 
transcei 
r intended 
for bipolar 
or MOS microprocessor 


system 
appli~ations. 
The device consists 
of four 
D-type edge- 


triggered 
fli9-flops 
with 
a built-in 
two-input 
multiplexer 
on 


each. 
The fliI-flOP 
outputs 
are connected 
to four three-state 
bus drivers. 
ach 
bus 
driver 
is 
internally 
connected 
to the 
input of a rec iver. The four receiver outputs 
drive four D-type 
latches. 
The 
evice also contains 
a four-bit 
odd parity checker/ 


generator. 


The LSI bus 
ransceiver 
is fabricated 
using advanced 
low-power 
Schottky 
pr cessing. 
All 
inputs 
(except 
the 
BUS 
inputs) 


are 
one 
LS 
nit 
load. 
The 
three-state 
bus 
output 
can sink 
up to 48mA 
t O.5V maximum. 
The bus enable input 
(BE) is 
used to forc 
the driver outputs 
to the high-impedance 
state. 


When BE is HIGH, the driver is disabled. 


The 
input 
re ister 
consists 
of 
four 
D-type 
flip-flops 
with 
a 
buffered 
co 
mon 
clock 
and a two-input 
multiplexer 
at the 
input 
of eac 
flip-flop. 
A common 
select 
input 
(S) controls 


the 
four 
mul iplexers. 
When 
S is LOW, the Ai data 
is stored 
in the registe 
and when 
S is HIGH, the Bi data is stored. 
The 


buffered 
co 
mon 
clock 
(DRCP) 
enters 
the 
data 
into 
this 
driver register on the LOW-to-H IGH transition. 


Data from 
th 
A or B input 
is inverted 
at the 
BUS output. 
Likewise, 
dat 
at the BUS input is inverted 
at the receiver out- 
put. 
Thus, 
d~ta 
in non-inverted 
from driver 
input 
to receiver 
output. 
The ffur 
receivers 
each feature 
a built-in 
D-type latch 
that 
is cont]"ed 
from 
the 
buffered 
receiver 
latch 
enable 
(R LE) input. 
When the 
R LE input 
is LOW, the latch is open 
and the recei er outP~ill 
follow 
the bus inputs 
(BUS data 
inverted). 
Wh n the 
R LE input 
is HIGH, the latch will close 


and retain the present 
data regardless of the bus input. 


The Am2916j 
features 
a built-in 
four-bit 
odd parity checker/ 
generator. 
Th 
bus 
enable 
input 
(BE) controls 
whether 
the 


parity 
output 
is in the generate 
or check 
mode. When the bus 


enable 
is La 
(driver enabled), 
odd parity 
is generated 
based 


on the A or B field data 
input 
to the driver register. When BE 


is HIGH, the 
parity 
output 
is determined 
by the 
four 
latch 


outputs 
of th 
receiver. 
Thus, 
if the driver is enabled, 
parity 
is 


generated 
and if the driver 
is in the high-impedance 
state, the 
BUS parity 
is Clhecked. 


• 
Receiver outputs sink 12mA 
• 
Advanced low-power Schottky processing 


• 
100% reliability 
assurancetesting in compliance with 


MIL-STD-883 
• 
3.5V minimum 
output 
high voltage for direct inter- 


face to MOS microprocessors 
fI 


Vcc::: 
Pjn 
24 


GND, 
==: Pin 6 


GND2 
== Pin 
18 


CONNECTION 
DIAGRAM 


Top View 


RLE 
2' 
vcc 


RO 
23 
DACP 


Bo 
22 
R3 


AO 
2' 
B3 


BUSO 
20 
A3 


GND1 
,. 
BUS3 


Am2916A 


BUS, 
'B 
GND2 


A, 
17 
BUS2 


B, 
,. 
A2 


R, 
'0 
'5 
B2 


BE 
11 
,. 
R2 


ODD 
'2 
'3 


SELECT 
g~~~~R 
DRCP 


~~~BLE 
BE 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage Applied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
Bus) 


DC Output 
Current, 
Into Bus 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O,5V 
to +7V 
-:-O,5V to +VCC max. 


-O.5V 
to +7V 


30mA 


100mA 


-30mA 
to +5.0mA 


The following conditions apply unless otherwise noted: 


Am2916AXC 
(COM'LI 
TA ~ OoCto +70°C 
Am2916AXM(MIL) 
TA=-55°CtO+125°C 
VCCMIN. 
~4.75V 
VCCMIN. 
~ 4.50V 
VCCMAX. 
~ 5.25V 
VCCMAX. 
~ 5.50V 


10L =24mA 
0.4 
VOL 
Bus Output 
LOW Voltage 
VCC ~ MIN. 
Volts 


10L -48mA 
0.5 


VOH 
Bus Output 
HIGH 
VOltage 
VCC = MIN. 
I COM'L, 
10H - -20m 
A 


2.4 
Volts 
I 
MIL, 
10H = -15mA 


VO-O.4V 
-200 


10 
Bus Leakage Current 
VCC = MAX. 
Vo 
- 2.4V 
50 
J,lA 
(High 
Impedance) 
Bus enable = 2.4 V 
Vo 
~4.5V 
100 


10FF 
Bus Leakage Current 
VO=4.5V 
100 
J,lA 
(Power 
OFF) 
VCC ~ OV 


VIH 
Receiver 
Input 
HIGH 
Threshold 
Bus enable = 2.4 V 
2.0 
Volts 


VIL 
Receiver 
Input 
LOW Threshold 
COM'L 
0.8 
Bus enable = 2.4 V 
Volts 
MIL 
0.7 


ISC 
Bus Output 
Short 
Circuit 
Current 
VCC - MAX. 


-50 
-120 
-225 
mA 
Vo 
~ OV 


The 
following 
c 
nditions 
apply 
unless otherwise 
noted: 


Am2916AXC( 
OM'L) 
TA~OOCto+70°C 
VCCMIN.~4.7SV 
VCCMAX.~S.2SV 


Am2916AXM('r'Ll 
TA~-SSOCto+12SoC 
VCCMIN.~4.S0V 
VCCMAX.-S.SOV 
DC CHARACTERISTICS 
OVER OPERATING TEMPERATURE 
RANGE 
Typ. 


(Note 
2) 


~~.... 


VCC ~ MIN. 
I 
MI L: IOH = -1.0mA 
2.4 
3.4 


VOH 
V,N 
= VIL 
or VIH 
I 
COM'L: 
'OH = -2.6mA 
2.4 
3.4 
Volts 


utput 
HIGH 
Voltage 


VCC = 5.0V. 
'OH 
= -100!,A 
3.5 


Parity 
VCC = MIN .• 'OH 
~ -660!,A 
MIL 
2.5 
3.4 
VOH 
9utput 
HIGH 
Voltage 


Volts 


V,N 
= V,H 
or VIL 
COM'L 
2.7 
3.4 


dutput 
LOW Voltage 


tOL -4.0mA 
0.27 
0.4 


VOL 
VCC ~ MIN. 


'OL 
~ 8.0mA 
0.32 
0.45 
Volts 
(jxcept 
Bus) 
VIN 
~ VIL 
or V,H 
IOL 
~ 12mA 
0.37 
0.5 


VIH 
,~put 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
( 
xcept 
Bus) 
for all inputs 


V,L 
,~put 
LOW Level 
Guaranteed 
input 
logical 
LOW 
MIL 
0.7 


Volts 
( 
xcept 
Bus) 
for all inputs 
COM'L 
0.8 


V, 
''fut 
Clamp 
Voltage 
IExcept 
Bus) 
VCC ~ MIN .• IIN ~ -18mA 
-1.2 
Volts 


BE. RLE 
-0.72 


IlL 
'Tut 
LOW Current 
(Except 
Bus) 
VCC = MAX .• V, N = 0.4 V 
mA 


All other inputs 
-0.36 


IIH 
Input 
HIGH 
Current 
(Except 
Bus) 
VCC 
= MAX .. VIN 
= 2.7 V 
20 
!,A 


II 
Input 
HIGH 
Current 
(Except 
Bus) 
VCC = MAX .• V,N 
~ 7.0V 
100 
!,A 


ISC 
O~tPut 
Short 
Circuit 
Current 
VCC ~ MAX. 
RECEIVER 
-30 
-130 
mA 
( 
xcept 
Bus) 
PARITY 
-20 
-100 


ICC 
Power Supply 
Current 
VCC = MAX .• All 
Inputs 
~ GND 
75 
110 
mA 


SWITCHING CHARACTERISTICS 
OVER 
OPERATIN 
TEMPERATURE 
RANGE 


Am2916AXM 
Am2916AXC 
Typ. 
Typ. 


Parameters 
Description 
Test Conditions 
Min. 
(Note 
2) 
Max. 
Min. 
(Note 
21 
Max. 
Units 


tpHL 
21 
36 
21 
32 


Driver Clock 
(DRCP) 
to Bus 
ns 


tPLH 
CL (BUS) ~ 50pF 
21 
36 
21 
32 


tZH. 
tZL 
rus 
Enable (BE) to Bus 
RL(BUS) 
= 1300. 
13 
26 
13 
23 


ns 


tHZ. 
tLZ 
13 
21 
13 
18 


ts 


fata 
Inputs 
(A or 8) 
15 
12 
ns 


th 
8.0 
6.0 


ts 
28 
25 


Select Inputs 
IS) 
ns 
th 
8.0 
6.0 


tpw 
Clock 
Pulse Width 
(HIGH) 
20 
17 
ns 


tPLH 
~us to Receiver 
Output 
18 
33· 
18 
30 


ns 
tpHL 
(Latch 
Enabled) 
18 
30 
18 
27 


tPLH 
21 
33 
21 
30 
Latch 
Enable to Receiver 
Output 
ns 


tPHL 
21 
30 
21 
27 


ts 
I 
15 
13 


B,USto Latch 
Enable (RLE) 
ns 


th 
CL = 15pF 
6.0 
4.0 


tPLH 
A or B Data to Odd Parity 
Output 
RL = 2.0kn 
32 
46 
32 
42 


(priver 
Enabled) 
ns 


tpHL 
26 
40 
26 
36 


tpLH 
~us to Odd Parity 
Output 
21 
36 
21 
32 
ns 


tpHL 
(Driver 
Inhibited. 
Latch 
Enabled) 
21 
36 
21 
32 


tPLH 
Lrtch 
Enable 
(RLEI 
to 
21 
36 
21 
32 
ns 


tpHL 
0rd 
Parity 
Output 
21 
36 
21 
32 


Notes: 
1. 
For ~Ondrj~ns 
shown 
as MIN. 
or MAoX .• use .the appropri~te 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
TYPIcal 
limIts 
are at VCC 
= 5.0V, 
25 
C ambient 
and 
maxImum 
loading. 


3. 
Not 
mor 
than 
one output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
shoul 
not 
exceed 
one second. 


J 


'CL 
= 15pF 
for tPLH, tpHL, 


tZL,tZH 


CL = 5pF for tHZ, tLZ 


f 
\ 
f 


J.OV 


DRIVER 
13V 
CLOCK 


OV 


1"-1"-1 
I 


~ 


3.0V 


A, 8 or S ~ 
1////////11/ -- 


''"'~ 


1.3V 
INPUT 


OV 


tPLH~ f 
r-\ 


VOH 


BUS 
1.3V 
OUTPUT 


'PHLB 
'PLH~ 
r:= 


VOL 


VOH 


AfCflVER 
* 
F 


I,JV 
OUTPUT 


VOL 


BUS 
ENABl 


LATCH 
ENABL 
BITS 
8-11 


BITS 
4-7 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
RLE , 
23 
DRCP 


TO DEVICE 
FUNCTION 


S 
Ai 
Bi 
DRCP 
BE 
RLE 
OE 
Di 
Oi 
BUSj 
Ri 


X 
X 
X 
X 
H 
X 
X 
X 
X 
Z 
X 
Driver output 
disable 
RO 
2 
22 
R3 


X 
X 
X 
X 
X 
X 
H 
X 
X 
X 
Z 
Receiver output 
disable 
80 
3 
2' 
83 


X 
X 
X 
X 
H 
X 
L 
L 
H 
Driver 
output 
disable and 


X 
X 
X 
X 
H 
X 
H 
H 
L 
receive data via Bus input 
AO 
20 
A3 


BUSO 
'9 
8US3 
X 
X 
X 
X 
X 
H 
X 
X 
NC 
X 
X 
Latch received data 


L 
L 
X 
t 
X 
X 
X 
L 
X 
X 
X 
GNDl 
6 
'8 
GN02 


L 
H 
X 
t 
X 
X 
X 
H 
X 
X 
X 


Load driver register 


17 
H 
X 
L 
t 
X 
X 
X 
L 
X 
X 
X 
BUS, 
BUS2 


H 
X 
H 
t 
X 
X 
X 
H 
X 
X 
X 
A, 
'6 
A2 


X 
X 
X 
L 
X 
X 
X 
NC 
X 
X 
X 
No driver clock restrictions 
8, 
9 
'5 
82 
X 
X 
X 
H 
X 
X 
X 
NC 
X 
X 
X 
R, 
10 
'4 
R2 
X 
X 
X 
X 
X 
X 
L 
X 
H 
X 


Drive Bus 
X 
X 
X 
X 
X 
X 
H 
X 
X 


H = HIGH 
Z = HIGH 
Impedance 
X = Don't 
care 
i = 0, 1, 2, 3 
BE " 


13 
S 


L = LOW 
NC = No change 
t = LOW 
to HIGH 
transition 


BO' B" 
B2' B3 
The 
"B" 
word 
data 
input 
into 
the 
two 


input 
multiplexers 
of the driver 
register. 


BUSo, 
BUS, 


BUS2,BUS3 


RO, R" 
R2, R3 


The 
four 
driver 
outputs 
and 
receiver 
in· 
puts (data is inverted). 


AO, A" 
2, A3 
The 
"A" 
word 
data 
input 
into 
the 
two 


input 
multiplexer 
of the driver 
register. 


Bus Enable. When the Bus Enable is HIGH, 
the four drivers 
are in the high impedance 


state. 


The four 
receiver 
outputs. 
Data 
from 
the 


bus is inverted 
while 
data from 
the A or B 


inputs 
is non-inverted. 


Receiver 
Latch 
Enable. 
When 
R LE 
is 


LOW, 
data 
on 
the 
BUS 
inputs 
is passed 


through 
the 
receiver 
latches. 
When 
R LE 


is HIGH, 
the 
receiver 
latches 
are closed 


and 
will 
retain 
the 
data 
independent 
of 


all other 
inputs. 


Output 
Enable. 
When 
the 
OE 
input 
is 


HIGH, 
the 
four 
three 
state 
receiver 
out· 


puts are in the high·impedance 
state. 


S 
Select. 
When 
the select input 
is LOW, the 


A data 
word 
is applied 
to the driver 
reg· 


ister. When 
the select 
input 
is HIGH, 
the 
B word 
is applied 
to the driver 
register. 


DRCP 
Driver 
Clock 
Pulse. 
Clock 
pulse 
for 
the 


driver 
register. 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type 
Operating Range 
Screening Level 
(Note 1) 
(Note 2) 
(Note 3) 


P-24 
C 
C-l 
D-24 
C 
C-l 
D-24 
C 
B·l 
D-24 
M 
C-3 
D-24 
M 
B-3 
F-24-1 
M 
C-3 
F-24-1 
M 
B-3 


} 


Visual inspection 
to MIL·STD-883 
Method 2010B. 


AM2916APC 
AM2916ADC 
AM2916ADC·B 
AM2916ADM 
AM2916ADM-B 
AM2916AFM 
AM2916AFM-B 


P E- Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
W, ere Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C 
O°Cto + 70°C, Vcc = 4.75V to 5.25V, M = - 
55°C to +125°C, Vcc = 4,50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-l 
and C-3 conform to MIL-STD·883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


Am2917A 
Quad Three-State 
Bus Transceiver 
With Interface 
Logic 


Distinctive Characteristics 


• 
Quad high speed LSI bus-transceiver 


• 
Three-state bus driver 
• 
D-type reg'ster on driver 
• 
Bus driver output can sink 48mA at 0.5V max. 


• 
Internal 0 d 4-bit parity checker/generator 
• 
Receiver hasoutput latch for pipeline operation 


• 
Three-state receiver outputs sink 12mA 
• 
Advanced low-power Schottky processing 


• 
100% reliability 
assurancetesting in compliance with 
MIL -STD-883 
• 
3.5V minimum 
output 
high voltage for direct inter- 
face to MOS microprocessors 
fJ 


The Am291 
A is a high-performance, 
low-power 
Schottky 
bus 
transceiver 
i tended 
for bipolar or MOS microprocessor 
system 


appl ications. 
The device consists 
of four Ootype edge-triggered 


flip-flops_ 
The flip-flop 
outputs 
are connected 
to four three- 


state 
bus drivers. 
Each bus driver is internally 
connected 
to the 
input of a receiver. The four receiver outputs 
drive four Ootype 
latches, 
that 
feature 
three-state 
outputs. 
The device also con- 
tains a four- 
it odd parity checker/generator. 


The 
LSI 
bus 
transceiver 
is fabricated 
using 
advanced 
low- 
power Schottky 
processing. 
All inputs 
(except the BUS inputs) 


are one LS unit load. The three-state 
bus output 
can sink up to 
48mA at 0.5 
maximum. 
The bus enable input 
(BE) is used to 


force the driver outputs 
to the high-impedance 
state. When BE 
is HIGH, the 
river is disabled. 


The 
input 
register 
consists 
of four 
Ootype flip-flops 
with 
a 
buffered 
c0';Jmon 
clock. 
The buffered 
common 
clock 
(0 RCP) 


enters 
the 
lI)i data 
into 
this 
driver 
register 
on the 
LOW-to- 
HIGH transit 
on. 


Data 
from 
teA 
input 
is inverted 
at the BUS output. 
Like- 
wise, data 
at 
he BUS input 
is inverted 
at the receiver output. 
Thus, 
data is 
on-inverted 
from driver input to receiver output. 


The four 
recfivers 
each feature 
a built-in 
Ootype latch t~s 
controlled 
frpm ~ 
buffered 
receiver 
latch 
enable 
(R LE) 


input. 
When the 
R LE input 
is LOW, the latch is open and the 
receiver outPyts 
will follow ~ 
bus inputs 
(BUS data inverted 


and 
OE LOW). When 
the 
R LE input 
is HIGH, the 
latch will 
close and 
retain 
the 
present 
data 
regardless 
of the bus input. 


The 
four 
latcres 
have three-state 
outputs 
a~ 
are controlled 


by a buffere9 Gommon 
three-state 
control 
(OE) input. 
When 


OE is HIGH, 
the 
receiver 
outputs 
are in the high-impedance 
state. 


The Am2917 A features 
a built-in 
four-bit 
odd parity checker/ 
generator. 
The 
bus 
enable 
input 
(BE) controls 
whether 
the 


parity 
outPut~'s 
in the generate 
or check 
mode. When the bus 


enable 
is LO 
(driver enabled l. odd parity 
is generated 
based 


on the 
A fiel 
data 
input 
to the 
driver 
register. 
When BE is 
HIGH, the pa~ity output 
is determined 
by the four 
latch out- 


puts. of the 
r ceiver. 
Thus, 
if the 
driver 
is enabled, 
parity 
is 
generated 
and if the driver 
is in the high-impedance 
state, the 
BUS parity 
is 
hecked. 


'3 
17 


ORCP 
ODD 
'0 


ALE 
AO 


Am2917A 
A, 


BE 
A2 
12 


oE 
A3 
lB 


BUSo 
BUS, 
BUS2 
BUS3 


14 
'6 


Vcc = Pin 20 


GND, 
= Pin 5 


GND2 
= Pin 
15 


CONNECTION 
DIAGRAM 
Top View 


ALE 
vCC 


AO 
OACP 


AO 
A3 


BUSo 
A3 


GNOl 


BUS, 
GND2 


A, 


A, 
A2 


BE 


ODD 
DE 


LOGIC DIAGRAM 


BUSo 
BUS, 
BU52 
BU53 


0 


DO 


cp 


0 


01 


cp 


0 
02 


cp 


03 
0 


cp 


MAXIMUM 
RATINGS 
(Above which the useful 
life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Volt4ge to Ground 
Potential 


DC Voltage tpplied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Except 
BUS) 


DC Output 
Current, 
Into Bus 


DC 1nput Current 


The 
following 
conditions 
apply 
unless 
otherwise 
noted: 


Am2917AXC 
(COM'U 
TA ~ O°C to +70°C 


Am2917AXM 
(MI 
L) 
T A = -5SoC 
to +12SoC 
VCCMIN. 
~4.75V 
VCCMIN. 
~ 4.50V 
VCCMAX. 
~ 5.25V 
VCCMAX. 
~ 5.50V 


_65°C to +150°C 


-55°C 
to +125°C 


-0.5Vto+7V 


-0.5 
V to +VCC max. 


-0.5 V to +7 V 


30mA 


100 mA 


-30 mA to +5.0 mA 


'OL 
~ 24mA 
0.4 
VOL 
Bus Output 
LOW Voltage 
Vcc 
= MIN. 
Volts 


10L ~ 4BmA 
0.5 


VOH 
Bus Output 
HIGH 
Voltage 
VCC = MIN. 
I COM'L, 
'OH = -20mA 
2.4 
Volts 


I 
MIL,IOH 
~ -15mA 


VO-O.4V 
-200 


10 
Bus Leakage 
Current 
VCC ~ MAX. 
Vo 
= 2.4V 
50 
I'A 
{High 
Impedancel 
Bus enable = 2.4 V 
VO=4.5V 
100 


10FF 
Bus Leakage 
Current 
VO=4.5V 
100 
I'A 
{Power 
OFFI 
VCC ~ OV 


V,H 
Receiver 
Input 
HIGH 
Threshold 
Bus enable 
= 2.4 V 
2.0 
Volts 


VIL 
Receiver 
Input 
LOW Threshold 
C.oM'L 
0.8 
Bus enable = 2.4 V 
Volts 
MIL 
0.7 


ISC 
Bus Output 
Short Circuit 
Current 
VCC - MAX. 
-50 
-120 
-225 
mA 
Vo 
= OV 


The following conditions apply unless otherwise noted: 


Am2917AXC 
<COM'U 
TA = OoC to +70oC 
Am2917AXM 
(MI UTA 
= _55°C 
to +125°C 
VCCMIN. 
~ 4.75V 
VCCMAX.: 
5.25V 


VCCMIN. 
: 4.50V 
VCCMAX.: 
5.50V 
DC CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
Typ. 
(Note 
2) 


VCC: 
MIN. 
I 
MI L: 10H = -1.0mA 
2.4 
3.4 


VOH 
Receiver 


VIN: 
VIL 
or VIH 
I 
COM'L: 
10H : -2.6mA 
2.4 
3.4 
Volts 
Output 
HIGH 
Voltage 


VCC: 
5.0V, 
10H = -1001JA 
3.5 


Parity 
VCC = MIN., 
10H = -6601JA 
MIL 
2.5 
3.4 
VOH 
Volts 
Output 
HIGH 
Voltage 
VIN 
= VIH 
or VIL 
COM'L 
2.7 
3.4 


10L -4.0mA 
0,27 
0.4 


VOL 
Output 
LOW Voltage 
VCC = MIN. 
10L = 8.0mA 
0.32 
0.45 
Volts 
(Except 
Bus) 
VIN 
= VIL 
or VIH 
10L - 12mA 
0.37 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed input logical HIGH 
2.0 
Volts 
(Except 
Bus) 
for all inputs 


VIL 
Inbut 
LOW Level 
Guaranteed 
input 
logical LOW 
MIL 
0.7 
Volts 
(~xcePt 
Bus) 
for all inputs 
I COM'L 
0.8 


VI 
Input 
Clamp 
Voltage 
(Except 
Bus) 
VCC = MIN., 
IIN = -18mA 
-1.2 
Volts 


Inbut 
LOW Current 
(Except 
Bus) 
I BE, RLE 
-0.72 
IlL 
VCC = MAX" 
VIN 
= 0.4 V 
mA 
I All other inputs 
-0.36 


IIH 
Input 
HIGH 
Current 
(Except 
Bus) 
VC;C = MAX., 
VIN 
= 2.7 V 
20 
IJA 


II 
Input 
HIGH 
Current 
(Except 
Bus) 
VCC = MAX., 
VIN 
= 7.0V 
100 
IJA 


ISC 
Output Short Circuit Current 
VCC = MAX. 
RECEIVER 
-30 
-130 
mA 
(Except 
Bus) 
I PARITY 
-20 
-100 


ICC 
Power Supply Current 
VCC = MAX. 
63 
95 
mA 


10 
Off·State 
Output 
Current 
VCC = MAX. 
I VO=2.4V 
50 
(Receiver Outputs) 
I VO=O.4V 
IJA 
-50 


SWITCHING 
CHARACTERISTICS 
OVER 


OPERATING 
TEMPERATURE 
RANGE 


Am2917AXM 
Am2917AXC 


Typ. 
Typ. 
Parameters 
Description 
Test 
Conditions 
Min. 
(Note 2) 
Max. 
Min. 
(Note 
2) 
Max. 
Units 


tpHL 
21 
36 
21 
32 
Driver 
Clock 
(DRCP) 
to Bus 
ns 
tPLH 
CL (BUS) = 50pF 
21 
36 
21 
32 


tZH, 
tZL 
RLBUS) 
= 130n 
13 
26 
13 
23 
Bus Enable (BE) to Bus 
ns 
tHZ, 
tLZ 
13 
21 
13 
18 


ts 
15 
12 
A Data Inputs 
ns 
th 
8.0 
6.0 


tpw 
Clock 
Pulse Width 
(HIGH) 
20 
17 
ns 


tPLH 
Bus to Receiver Output 
18 
33 
18 
30 


(Latch 
Enabled) 
ns 
tPHL 
18 
30 
18 
27 


tpLH 
21 
33 
21 
30 
Latch Enable to Receiver Output 
ns 
tpHL 
21 
30 
21 
27 


ts 
15 
13 
Bus to Latch 
Enable (RLE) 
CL=15pF 
ns 
th 
6.0 
4.0 


tPLH 
RL = 2.0kn 
A Data to Odd Parity 
Out 
32 
46 
32 
42 
ns 
tpHL 
(Driver 
Enabled) 
26 
40 
26 
36 


tpLH 
Bus to Odd Parity 
Out 
21 
36 
21 
'32 


(Driver 
Inhibit) 
ns 
tpHL 
21 
36 
21 
32 


tPLH 
Latch 
Enable (RLE) 
to Odd 
21 
36 
21 
32 
ns 
tpHL 
Parity 
Output 
21 
36 
21 
32 


tZH, 
tZL 
14 
26 
14 
23 
Output Control to Output 
ns 
tHZ, 
tLZ 
CL =5pF, 
RL =2.0kn 
14 
26 
14 
23 


Notes: 1. 
For conditio(ts shown as MIN. 
or MAX., 
use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. 
Typical 
limits 
are at VCC = 5.0V, 
25°C ambient and maximum loading. 


3. 
Not more than one outPUt should be shorted at a time. Duration of the short circuit test should not exceed one second. 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


J 


'CL 
= 15pF for IpLH. IpH L. 


IZL.IZH 


CL = 5pF for 1HZ. ILZ 


_I 
\ 
f-:~: 
~'t·~ 
I 
~::: 
',.e-I I::: 
~,~ r- 
"," 
--{ , 
J-~:: 


_______ 
t_PH_l~ 
'PlH 
C 
vO 
H 
\~_~F~:: 


S BUS 


I 


A 


Am2917A 


ADDRESS 
REGISTER 


BUS 
I 


Am29tB 
- 
STATUS 
REGISTER 


A 
Am2917A 
MAIN 
DATA 
BUS 
MEMORY 
REGISTER 


R 


FLAGS 
Y 


A 
Am2909 
- 


BUS 
Am2917A 
MICROPROGRAM 
I 
Am2901 
SEQUENCER 
BIPOLAR 
R 
MICROPROCESSOR 


I 


0 


ROM/PROM 
MICROCODE 


I 


Am291B 
MICROWOAD 
REGISTER 


R BUS 


The 
Am2917A 
can be used as an I/O 
Bus Transceiver 
and Main Memory 
I/O Transceiver 


in high-speed 
Microprocessor 
Systems. 


I 
Am2917A 


iITl' 
1 
" 


DACP 


INPUTS 
INTERNAL 
BUS 
OUTPUT 
TO DEVICE 
FUNCTION 
Aj 
DRCP 
BE 
RLE 
OE 
OJ 
OJ 
BUSj 
Rj 
RO 
2 
18 
R3 


X 
X 
H 
X 
X 
X 
X 
Z 
X 
Driver output 
disable 


X 
X 
X 
X 
H 
X 
X 
X 
Z 
Receiver output 
disable 
An 
17 
A3 


X 
X 
H 
L 
L 
X 
L 
L 
H 
Driver 
output 
disable 
and 
8USo 
I. BUSJ 


X 
X 
H 
L 
L 
X 
H 
H 
L 
receive data via Bus input 


5 
15 
GN02 
GNDl 


X 
X 
X 
H 
X 
X 
NC 
X 
X 
Latch received 
data 


L 
X 
X 
X 
L 
X 
X 
X 
BUSl 
14 
BUS2 


H 
X 
X 
X 
H 
X 
X 
X 


Load driver register 
A, 
'3 
A2 


X 
L 
X 
X 
X 
NC 
X 
X 
X 
No driver clock restrictions 


X 
H 
X 
X 
X 
NC 
X 
X 
X 
R, 
8 
12 
R2 


X 
X 
X 
X 
L 
X 
H 
X 


Drive 
Bus 


X 
X 
X 
X 
H 
X 
L 
X 
BE • 
11 
DE 


H ~ HIGH 
Z = HIGH Impedance 
X = Don't care 
i = 0, 1, 2, 3 


L ~ LOW 
NC :: No change 
t = LOW 
to HIGH 
transition 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 
Operating 
Screening 


Order 
Type 
Range 
Level 
Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2917APC 
P-20 
C 
C-1 


AM2917ADC 
D-20 
C 
C-1 
AM2917ADC-B 
D-20 
C 
B-1 


AM2917ADM 
D-20 
M 
C-3 


AM2917ADM-B 
D-20 
M 
B-3 


AM2917AFM 
F-20 
M 
C-3 
AM2917AFM-B 
F-20 
M 
B-3 


AM2917AXC 
Dice 
C 
} 


Visual inspection 
to MIL-STD-883 
AM2917AXM 
Dice 
M 
Method 201DB. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 


ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the var- 
iations of the package may be used unless otherwise specified. 


2. C = DoCto +70°C, Vcc = 4.75V to 5.25V. 
M = -55°C 
to + 125°C, Vcc = 4.50V to 5.50V. 
3. See Appendix A for details 01 screening. Levels C-1 and C-3 con- 


form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


DRCP 
Driver 
Clock 
Pulse. Clock 
pulse for the driver 
register. 


BE 
Bus 
Enable. 
When 
the 
Bus 
Enable 
is H IG H, 
the 
four 


drivers 
are in the 
high 
impedance 
state. 


BUSo, 
BUS" 
BUS2, 
BUS3 
The 
four 
driver 
outputs 
and 


receiver 
inputs 
(data is inverted). 


RO, R" 
R2, 
R3 
The 
four 
receiver 
outputs. 
Data 
from 
the 


bus 
is inverted 
while 
data from 
the A inputs 
is non-inverted. 


RLE 
Receiver 
Latch 
Enable. 
When R LE is LOW, data on the 


BUS inputs 
is passed through 
the 
receiver 
latches. 
When 
R LE 
is HIGH, 
the 
receiver 
latches 
are closed 
and 
will 
retain 
the 


data independent 
of all other 
inputs. 


ODD 
Odd 
parity 
output. 
Generates 
parity 
with 
the 
driver 


enabled, 
checks 
parity 
with 
the 
driver 
in the 
high-impedance 


state. 


OE 
Output 
Enable. 
When 
the 
OE 
input 
is HIGH, 
the 
four 


three-state 
receiver 
outputs 
are in the 
high-impedance 
state. 


BE 
ODD 
PARITY 
OUTPUT 


L 
ODD 
= AO 
Ell A, 
Ell A2 
Ell A3 


H 
ODD 
= 00 
Ell 0, 
Ell 02 
Ell 03 


Am2918 


Distinctive 
Characteristics 


• 
Advanced Schottky technology 
• 
Four Ootype flip-flops 
• 
Four standard totem-pole outputs 


FUNCTIONAL 
DESCRIPTION 


New Schottky 
circuits 
such as the Am2918 
register 
provide 
the 


design engineer 
with 
additional 
flexibility 
in system 
configura- 


tion 
- 
especially 
with 
regard 
to 
bus structure, 
organization 


and 
speed. 
The 
Am2918 
is a quadruple 
D-type 
register 
with 


four 
standard 
totem 
pole outputs 
and four 
three-state 
bus-type 


outputs. 
The 
16-pin 
device 
also feature:; 
Q buffered 
common 


clock 
(CP) and a buffered 
common 
output 
control 
(OE) for the 


Y ou·tputs. 
Information 
meeting 
the 
set-up 
and hold 
require- 
ments 
on t~e 
D inputs 
is transferred 
to the 
Q outputs 
on the 
LOW-to-HIGH 
transition 
of the clock. 


The same data as on the Q outputs 
is enabled 
at the three-state 


Y 
outputs 
when 
the 
"output 
control" 
(OE) 
input 
is LOW. 


When 
the 
OE 
input 
is HIGH, 
the 
Y outputs 
are in the 
high- 
impedance 
state. 


The 
Am2918 
register 
can 
be used in 
bipolar 
microprocessor 


designs 
as an address 
register, 
status 
register, 
instruction 
reg- 


ister 
or 
for 
various 
data 
or 
microword 
register 
applications. 
Because of the 
unique 
design of the three-state 
output, 
the de- 


vice 
features 
very 
short 
propagation 
delay 
from 
the 
clock 
to 


the 
Q 
or 
Y 
outputs. 
Thus, 
system 
performance 
and 
archi- 


tectural 
design 
can be improved 
by using the Am2918 
register. 
Other 
applicat(ons 
of Am2918 
register 
can be found 
in micro- 


programmed 
display 
systems, 
communication 
systems 
and 


most 
general 
or 
special 
purpose 
digital 
signal 
processing 


equipment. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 
Operating 
Screening 
Order 
Type 
Range 
Level 
Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2916PC 
P-16 
C 
C-l 


AM2916DC 
0-16 
C 
C-l 


AM2916DC-B 
0-16 
,C 
B-1 


AM2916DM 
0-16 
M 
C-3 


AM2916DM-B 
0-16 
M 
B-3 


AM2916FM 
F·16 
M 
C-3 


AM2916FM·B 
F-16 
M 
B-3 


AM2916XC 
Dice 
C 
} 


Visual inspection 


AM2916XM 
Dice 
M 
to MIL-STD-663 
Method 2010B. 


Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number follow- 


ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix 
B contains 
several dash numbers, 
any of the 


variations of the package may be used unless otherwise specified. 
2. C = O°Cto + lO°C, Vcc = 4.l5V 
to 5.25V. 
M = -55°C 
to + 125°C, Vcc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-l 
and C-3 con- 


form to MIL-STD-663, 
Class C. Level B-3 conforms to MIL-STD- 


663, Class B. 


• 
Four three-state outputs 


• 
75 MHz clock frequency 


• 
100% reliability 
assurancetesting in compliance with 
MI L-STO-883 


0, 


STANDARD 
OUTPUTS 
°2 


Vcc"" 
Pin 16 


GND 
= Pin 
8 
MPR-184 


CONNECTION 
DIAGRAM 


Top View 


Am2918 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


_65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V 
to +VCC max. 


-O.5V 
to +5.5V 


30mA 


-30mA 
to +5.0mA 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
(pin 16 to Pin 8) Continuous 


DC Voltage 
Applied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Cyrrent. 
Into Outputs 


DC Input Current 


T A = aOe 
to +70°C 
TA = -5SoC 
to +12SoC 


IMIL 
2.5 
3.4 
Q 
10H = -1mA 
I COM'L 
VCC = MIN .. 
2.7 
3.4 
VOH 
Output 
HIGH 
Voltage 
VIN = V,H 
or VIL 
I XM, 'OH = -2mA 


Volts 
2.4 
3.4 


y I XC, 10H = -6.5mA 
2.4 
3.4 


VOL 
Output 
LOW Voltage 
(Note 
6) 
VCC = MIN., 
'OL = 20mA 
0.5 
Volts 
VIN = VIH 
or VIL 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical HIGH- 


2.0 
Volts 
voltage for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
0.8 
Volts 
voltage 
for all inputs 


VI 
I nput 
Clamp 
Voltage 
VCC = MIN .• IIN 
= -18mA 
-1.2 
Volts 


IlL 
Input 
LOW Current 
VCC = MAX .• VIN 
= 0.5V 
-2.0 
mA 
(Note 
31 


IIH 
Input 
HIGH 
Current 
VCC = MAX .• VIN 
= 2.7V 
50 
JJ.A 
(Note 
3) 


II 
Input 
HIGH 
Current 
VCC = MAX .• VIN 
= 5,5V 
1.0 
mA 


Y Output 
Off-State 
I 
Vo 
= 2.4V 
50 


10 
VCC = MAX. 
JJ.A 
Leakage 
Current 
I 
Vo 
- O.4V 
-50 


ISC 
Output 
Short 
Circuit 
Current 
VCC = MAX. 
-40 
-100 
mA 


(Note 
4) 


ICC 
Power 
Supply 
Current 
VCC = MAX. 
(Note 
5) 
80 
130 
mA 


Notes: 
1. 
For 
conditions 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 
2. Typical limits are at VCC = 5.0V, T A'= 25°C ambient and maximum loading. 
3. 
Actual 
input 
currents 
= Unit 
Load 
Current 
x Input 
Load 
Factor 
(see Loading 
Rules). 


4. 
Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 
5. 
lee 
is measured with all inputs at 4.5V and all outputs open. 
6. 
Measured on Q outputs with Y outputs open. Measured on Y outputs with,a 
outputs open. 


tpLH 
6.0 
9.0 


Clock 
to Q Output 
ns 
tpHL 
8.5 
13 
I 
HIGH 
7.0 


tpw 
Clock 
Pulse Width 


I 
LOW 


ns 


9.0 


ts 
Data 
CL = 15pF 
5.0 
ns 


th 
Data 
- 
3.0 
ns 


tPLH 
Clock 
to Y Output 
6.0 
9.0 


(OE LOW) 
ns 
tPHL 
8.5 
13 


tZH 
12.5 
19 
CL=15pF 


tZL 
12 
18 
Output 
Control 
to Output 
ns 
tHZ 
4.0 
6.0 


tLZ 


CL = 5.0 pF 
7.0 
10.5 


fmax 
Maximum 
Clock 
Frequency 
CL = 15pF 
75 
100 
MHz 


INPUTS 
OUTPUTS 


CLOCK 
NOTES 


OE 
CP 
° 
° 


V 


H 
L 
X 
NC 
Z 
- 


H 
H 
X 
NC 
Z 
- 


H 
t 
L 
L 
Z 
- 


H 
t 
H 
H 
Z 
- 


L 
t 
L 
L 
L 
- 
L 
t 
H 
H 
H 
- 


L 
- 
- 
L 
L 
1 


L 
- 
- 
H 
H 
1 


L~ 
LOW 


H - 
HIGH 
X = Don't 
care 


NC = No change 
t = LOW to HIGH 
transition 
Z = High impedance 


DEFINITION 
OF FUNCTIONAL 
TERMS 


Dj The four data inputs to the register. 


0i 
The 
four 
data 
outputs 
of the 
register 
with 
standard 


totem-pole 
active 
pull-up 
outputs. 
Data 
is passed 
non- 
inverted. 


Vj The four three-state 
data 
outputs 
of the register. 
When 


the 
three-s~ate 
outputs 
are 
enabled, 
data 
is passed 
non- 


inverted. 
AIHIGH 
on the "output 
control" 
input forces the 


Vi outputs 
to the high-impedance 
state. 


CP Clock. 
The 
buffered 
common 
clock 
for 
the 
register. 
Enters data on the LOW-to-HIGH 
transition. 


OE Output 
Control. 
When the 
OE input 
is HIGH, the Vi 


outputs 
are in the high-impedance 
state. When the OE input 


is LOW, the TRUE register data is present at the Vi outputs. 


Fan-out 


Input 
Output 
Output 
Input/Output 
Pin No.'s 
Unit Load 
HIGH 
LOW 


DO 


00 
2 
20 
10' 


Vo 
3 
40/130 
10' 


01 
4 


°1 
5 
20 
10' EI 


VI 
6 
40/130 
10' 


OE 


GNO 
8 


CP 
9 


V2 
10 
40/130 
10' 


°2 
11 
20 
10' 


02 
12 


V3 
13 
40/130 
10' 


°3 
14 
20 
10' 


03 
15 


VCC 
16 


Metallization 
and Pad Layout 
vcc 
16 


00 , 


" 


03 


Yo 
3 
13 
Y3 


D, • 
12 
D, 


0, 
5 
11 
0, 


Y, 
6 
10 
Y, 


Oi' 
7 
8 
cp 


GND 


DIE SIZE 0.077"x 0.079" 


SCHOTTKVINPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


I 
I 
tiJ 
I 
Ir: 


Am2901A 
BIPOLAR 
MICROPROCESSOR 


{ 


CARRY 
FLAGS 
OVE RFLOW 
ZERO 
NEGATIVE 


Z 


Am26S10 
BUS 


TRANSCEIVER 


The Am2918 
as a 4-Bit 


status register 
The Am2918 
used as Jata-in, 
data-out 
and address registers. 


CLOCK 
CLOCK 


NO 
00 
00 
0, 
Y, 
Yo 
00 
MO 


N, 
a, 
a, 
M, 


Am291B 
Am2918 
a, 
M, 
N, 
a, 


N3 
03 
03 
M3 
Yo 
Y, 
0, 
00 


OUTPUT 
OUTPUT 
CONTROL 
CONTROL 


The 
Am2918 
can 
be 
connected 
for bi-directional 
interface 
between 
two 
buses. 
The device on the 
left 


stores 
data 
from 
the 
A-bus and drives the A-bus. The device on the right stores 
data from the 
B-bus and 
drives 
the 
A-bus. 
The 
output 
control 
is used to place either 
or both drivers 
in the high-impedance 
state. 


The contents 
of each register are available for continuous 
usage at the Nand 
M ports of the device. 


Am29LS18 
Quad 0 Register With Standard And Three-State 
Outputs 


FUNCTIONAL 
DESCRIPTION 


The Am29 LS18 consists 
of four 
D-type flip-flops 
with a buf- 
fered common 
clock. 
Information 
meeting the set-up and hold 


requirements 
on the 
D inputs 
is transferred 
to the 
Q outputs 


on the LOW-to-H IGH transition 
of the clock. 


The same data 
as on the 
Q outputs 
is enabled 
at the three- 
state 
Y outputs 
when 
the 
"output 
control" 
(OE) 
input 
is 


LOW. When the 
OE input 
is HIGH, the Y outputs 
are in the 


high-impedance 
state. 


The Am29LS18 
is a 4-bit, 
high-speed 
register intended 
for use 


in real-time 
signal processing 
systems 
where 
the standard 
out- 


puts 
are 
used 
in 
a recursive 
algorithm 
and 
the 
three-state 


outputs 
provide 
access to a data 
bus to dump the results after 


a number 
of iterations. 


The 
device 
can also be used as an address 
register 
or status 


register in computers 
or computer 
peripherals. 


Likewise, 
the 
Am29LS18 
is also 
useful 
in certain 
display 


applications 
where 
the 
standard 
outputs 
can 
be decoded 
to 


drive LED's (or equivalent) 
and the three-state 
outputs 
are bus 


organized 
for occasional 
interrogation 
of the data as displayed. 


DISTINCTIVE 
CHARACTERISTICS 


• 
Low-poter 
Schottky 
version of the popular 
Am2918 


• 
Four standard 
totem-pole 
outputs 
• 
Four thrree-state outputs 


• 
Four D- ype flip-flops 
• 
100% p oduct assurance 
testing to MIL-STD-883 


req uire me nts 


12 
'5 


ep 


DD 
aD 


a, 
STANDARD 
aE 


(j 
a, 
OUTPUTS 
00 
01 
02 
03 
Yo y 1 


a3 
5 
,. 
6 
, 
11 
3 
'0 
'3 
D, 


VCC 
= Pin 16 


(j 
GND=Pin8 
Yo 
MPR-191 


D, 
a 
CONNECTION 
DIAGRAM 
Y, 
Top View 


(j 
THREE·STATE 
OUTPUTS 


Y, 


D3 
a 
Vee 
D3 
a3 
Y3 
D, 
a, 
ep 


CLOCK 
CP 
ep 
(j 
Y3 


g~~~~~L 
DE 


Am29LS18 


ELECTRICAL 
CHARACTERISTICS 


The Following 
Conditions 
Apply 
Unless Otherwise 
Specified: 


COM'L 
T A = OoC to +70°C 


MIL 
TA=-5S0Cto+12SoC 


Vcc 
= 5.0V ±5% 


VCC = 5.0V ±10% 


MAX. 
= 5.25V) 


MAX. 
= 5.50 V) 


Typ. 


(Note 2) 


I Mil 
2.5 
3.4 


VCC = MIN. 
Q, 10H = -660/LA 
I COM'l 
2.7 
3.4 


VOH 
Output 
HIGH 
Voltage 


VIN 
= VIH 
or Vil 
y 
I MI l, 
10H = -1.0mA 


Volts 
2.4 
3.4 


I COM'l, 
10H = 2.6mA 
2.4 
3.4 


VCC = MIN. 
10l 
= 4.0mA 
0.4 


VOL 
Output 
lOW 
Voltage 
VIN 
= VIH 
or Vil 
10l 
= 8.0mA 
0.45 
Volts 


10l 
- 12mA 
0.5 


VIH 
Input 
HIGH 
level 
Guaranteed 
input 
logical HIGH 
2.0 
Volts 
voltage for all inputs 


Guaranteed 
input 
logical LOW 
I 
Mil 
0.7 


Vil 
Input lOW 
level 
voltage for all inputs 
I 


Volts 


COM'l 
0.8 


VI 
Input 
Clamp Voltage 
VCC = MIN., 
IIN = -18mA 
-1.5 
Volts 


III 
Input 
lOW 
Current 
VCC = MAX., 
VIN 
= 0.4 V 
-0.36 
mA 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 2.7V 
20 
/LA 


II 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 7.0V 
0.1 
mA 


Off·State 
(High.lmpedance) 
I 
VO=0.4V 
-20 


10 
VCC = MAX. 
/LA 
Output 
Current 
I 
Vo 
= 2.4 V 
20 


ISC 
Output 
Short 
Circuit 
Current 
VCC = MAX. 
-15 
-85 
mA 
(Note 3) 


ICC 


Power 
Supply 
Current 
VCC = MAX'. 
17 
28 
mA 
(Note 4) 


Notes: 
1. 
For 
conditions 
shown 
as MIN. 
or 
MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typical 
limits 
are 
at Vcc 
= 5.0V, 
2SoC 
ambient 
and 
maximum 
loading. 


3. 
Not more than one output 
should be shorted at a time. Duration 
of the short circuit test should not exceed 
one second. 


4. 
lee 
is measured 
with 
all inputs 
at 4.5V 
and 
all outputs 
open. 


MAXIMUM 
RATINGS 
(Above which 
the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 
Continuous 


DC Voltage 
Applied 
to Outputs 
for High Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-Q.5V 
to +7.0V 


-0.5V 
to +Vcc 
max. 


-0.5V 
to +7.0V 


30mA 


-30 
mA to +5.0 mA 


SWITCHING 
CHARACTERISTICS 


(TA = +25°C, 
VCC = 5.QVI 


tPLH 
18 
27 


Clock 
to Qj 
ns 


tPHL 
18 
27 


tPLH 
Clock 
to Yi (OE LOW) 


18 
27 
ns 


tpHL 
18 
27 


I 
LOW 
18 
CL=15pF 


tpw 
Clock 
Pulse Width 
ns 


I 
HIGH 
15 
RL = 2.0kl1 


ts 
Data 
15 
ns 


th 
Data 
5.0 
ns 


tZH 
OE tOYj 


7.0 
11 


ns 


tZL 
8 
12 


tHZ 
OE tOYi 


14 
21 
CL = 5.0pF 
ns 
RL 
= 2.0kl1 
tLZ 
12 
18 


fmax 
Maximum 
Clock 
Frequency 
(Note 
1) 
35 
50 
MHz 


Note 
1. 
Per industry 
convention, 
fmax 
is the worst 
case value of the maximum 
device operating 
frequency 
with 
no constraints 
on tr• tf, 


pulse width 
or duty 
cycle. 


SWITCHING 
CHARACTERISTICS 
Am29LS18PC, 
DC 
Am29LS18DM, 
FM 
OVER OPERATING 
RANGE* 


TA = O°C to +70°C 
TA = _55°C 
to +125°C 
VCC = 5.0V ±5% 
VCC = 5.QV ± 10% 


Parameters 
Deseri ption 
Min. 
Max. 
Min. 
Max. 
Units 
Test Cond itions 


tPLH 
38 
45 


Clock 
to Qi 
ns 
tpHL 
38 
45 


tPLH 
Clock 
to Yi (OE LOW) 


35 
40 


35 
40 
ns 
tpHL 
I 
LOW 
20 
20 
CL = 50pF 


tpw 
Clock 
Pulse Width 
I 


ns 
RL = 2.0kl1 
HIGH 
20 
20 


ts 
Data 
15 
15 
ns 


th 
Data 
5.0 
5.0 
ns 


tZH 
OE to Yi 


15 
17 


ns 


tZL 
16 
17 


tHZ 
- 
27 
30 
CL = 5.0pF 


OE tOYi 
ns 
RL = 2.0kS'l 
tLZ 
24 
30 


fmax 
Maximum 
Clock 
Frequency 
(Note 
1) 
30 
MHz 


INPUT 
( 


DATA 


" 
"" 
" 
a, 
0, 
"" 


DO 
a, 


0, 
a, 
" 
0, 
0, 
" 
" 
0, 
0, 
a, 
" 


a, 
" 
a, 
" 
a, 
" 
a, 
" 
a, 
'J 
aJ 
'J 
aJ 


'0 
'0 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 


" 
" 
" 
" 


A 
" 


B 
"" 
INTERROGATE 
" 


DATA ( 


BUS 


A 


B 


CLOCK 


) 
DATA 
BUS 


00 
CP 
"0 
DD 
CP 
aD 
00 
CP 
00 
DO 
CP 
"0 
0, 
a, 
D, 
a, 
D, 
a, 
D, 
a, 


0, 
a, 
D, ~ 
a, 
D, ~ 
a, 
0, ~ 
0, 


03 ~ 


03 
D3 ~ 
°3 
03 
'3 
03 
03 
'3 
03 


Yo 
YD 
~ 
Yo 
~ 
Yo 
E 
E 
Y,~ 
E 
Y,- 
'" 
Y,- 
'" 
Y,~ 
'" 
'" 
Y,- 
Y,~ 
Y,~ 
Y,- 


OE 
Y3 
OE 
Y3 
OE 
Y3t- 
OE 
Y3 
~ 
Y 
_A 
~ 
Yo 


-B 
~ Y, 


--C 
G 


~ 
Y2 


S Y3 
'-- 


LENGTH 
(A 


CONTROL 
B 


LOW-POWER 
SCHOTTKY 
INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


} 


DATA 
BUS 


Di The four 
data inputs 
to the register. 


OJ The 
four 
data 
outputs 
of 
the 
register 
with 
standard 


totem-pole 
active 
pull-up 
outputs. 
Data 
is 
passed 
non- 
inverted. 


Vi 
The fdur 
three-state 
data outputs 
of the 
register. 
When 


the 
three-state 
outputs 
are 
enabled, 
data 
is passed 
non- 


inverted. 
A HIGH 
on the "output 
control" 
input 
forces the 
Vi outputs 
to the high-impedance 
state. 


CP Clock. 
The 
buffered 
common 
clock 
for 
the 
register. 
Enters data on the LOW-to-HIGH 
transition. 


OE 
Output 
Control. 
When 
the 
OE 
input 
is HIGH, 
the 
Yi 


outputs 
are in the high-impedance 
state. When the 'OE input 


is LOW, the TRUE 
register 
data is present at the Yi outputs. 


INPUTS 
OUTPUTS 


CLOCK 
NOTES 


OE 
CP 
0 
Q 
y 


H 
L 
X 
NC 
Z 
- 
H 
H 
X 
NC 
Z 
- 


H 
t 
L 
L 
Z 
- 


H 
t 
H 
H 
Z 
- 


L 
t 
L 
L 
L 
- 


L 
t 
H 
H 
H 
- 
L 
- 
- 
L 
L 
1 


L 
- 
- 
H 
H 
1 


L = LOW 
H ~ HIGH 


X = Don't care 


NC = No change 
t = LOW to HIGH 
transition 
Z = High impedance 


Metallization 
and Pad Layout 


DO 
,. vcc 


"" 
2 
,. 
03 


Vo 
" 
03 
0, 
• 
a, • 
V3 


v, • 
O2 


O2 
OE 
7 


GND 
8 
9 
'0 
V2 
CP 


DIE SIZE 0.083" x 0.099" 


ORDERING INFORMATION 


Package Type 
Operating Range 
Screening Level 
Order Number 
(Note 1) 
(Nate 2) 
(Note 3) 


AM29LS18PC 
P·16 
C 
C-l 
AM29LS18DC 
D-16 
C 
C-l 
AM29LS 18DC-B 
D-16 
C 
B-1 
AM29LS18DM 
D-16 
M 
C-3 
AM29LS18DM-B 
D-16 
M 
B-3 
AM29LS18FM 
F-16 
M 
C-3 


AM29LS18FM-B 
F-16 
M 
B-3 


AM29LS18XC 
Dice 
C 
} 


Visual inspection 


AM29LS18XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes' 
1 
P = Molded DIP, 0 = Hermetic DIP, F ~ Flat Pak. Number following leiter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = O°Cto +70°C, Vcc 
= 4.75V to 5.25V, M = - 
55°C to + 125°C, Vcc 
= 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-l 
and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 


Class B. 


Am2919 


• 
Two sets of three-state 
outputs 
• 
Four D·type flip-flops 
• 
Polarity 
control 
on one set of outputs 
• 
Buffered 
common 
clock enable 
• 
Buffered 
common 
asynchronous 
clear 


• 
Separate 
buffered 
common 
output 
enable 
for each 
set of 


outputs 
• 
100% reliability 
assurance 
testing 
in compliance 
with 
MIL 


STD-883 


19 
18 


CLR 
POL 
CLEAR 
POLARITY 
OE='Y 
OE-W 
OUTPUT 
ENABLE 


MPR-196 


FUNCTIONAL 
DESCRIPTION 


The Am2919 
consists 
of four D-type flip-flops 
with a buffered 


common 
clock 
enable. 
Information 
meeting 
the 
set-up 
and 


hold 
time 
requirements 
of the 
0 
inputs 
is transferred 
to the 


flip-flop 
outputs 
on the LOW-to-H IGH transition 
of the clock. 


Data 
on 
the 
Q outputs 
of the 
flip-flops 
is enabled 
at 
the 


three-state 
outputs 
when 
the 
output 
control 
(OE) 
input 
is 


LOW. When 
the 
appropriate 
OE input 
is HIGH, the outputs 


are 
in the 
high 
impedance 
state. 
Two 
independent 
sets 
of 


outputs-Wand 
Y -are 
provided 
such 
that 
the 
register 
can 
simultaneously 
and 
independently 
drive 
two 
buses. 
One 
set 
of outputs 
contains 
a polarity 
control 
such that 
the outputs 


can either 
be inverting 
or non-inverting. 


The 
device 
also features 
an active 
LOW asynchronous 
clear. 


When 
the 
clear input 
is LOW, the 
Q output 
of the 
internal 


flip-flops 
are 
forced 
LOW independent 
of the 
other 
inputs. 


The 
Am2919 
is packaged 
in a space-saving 
(0.3-inch 
row 
spacing) 
20-pin 
package. 


CONNECTION 
DIAGRAM 


Top View 


ELECTRICAL 
CHARACTERISTICS 


The Following 
Conditions 
Apply 
Unless Otherwise 
Specified: 


T A = aOe to +70°C 


TA = _55°c 
to +12SoC 


Vcc: 
5.0V ±5% 


Vcc ~ 5.0V ±10% 


Typ. 


(Note 21 


VCC = MIN. 
MIL, 10H = -1.0mA 
2.4 
3.4 
VOH 
Output HIGH Voltage 
Volts 
VIN ~ VIH or VIL 
COM'L, 10H ~ -2.6mA 
2.4 
3.4 


10L -4.0mA 
0.4 
VCC = MIN. 
Volts 
VOL 
Output LOW Voltage 
VIN = VIH or VIL 
10L =8.0mA 
0.45 


10L ~ 12mA 
0.5 


VIH 
Input HIGH Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
voltage for all inputs 


Guaranteed 
input 
logical 
LOW 
I 
MIL 
0.7 
VIL 
Input LOW Level 
voltage 
for all inputs 
I 
Volts 
COM'L 
0.8 


VI 
Input Clamp Voltage 
VCC = MIN.,IIN 
= -18mA 
-1.5 
Volts 


IlL 
Input LOW Current 
VCC = MAX., VIN ~ 0.4 V 
-0.36 
mA 


IIH 
Input HIGH Current 
VCC ~ MAX., VIN = 2.7V 
20 
IJA 


II 
Input HIGH Current 
VCC = MAX., VIN ~ 7.0V 
0.1 
mA 


Off-State (High-Impedance) 
I 
VO=O.4V 
-20 
10 
VCC ~ MAX. 
IJA 
Output 
Current 
I 
Vo ~ 2.4V 
20 


ISC 
Output Short Circuit Current 
VCC ~ MAX. 
-15 
-85 
mA 
(Note 3) 


Power Supply 
Current 
I 
MIL 
24 
36 
ICC 
VCC ~ MAX. 
mA 
(Note 4) 
I 
COM'L 
24 
39 


For 
.cond.iti~ns 
shown 
as MIN. 
or MAoX .• use .the appropri~te 
value 
s~eCified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
TYPical 
limits 
are at 
VCC 
= 5.QV. 
25 
C ambIent 
and 
maxImum 
loading. 


3. 
Not 
more 
than 
one output 
should 
be shorted 
at a time. 
Duration 
of 
the 
short 
circuit 
test 
should 
not 
exceed 
one second. 
4. 
Inputs 
grounded; 
outputs 
open. 


MAXIMUM 
RATINGS 
(Above which 
the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage 
to Ground 
Potential 
Continuous 


DC Voltage 
Applied 
to Outputs 
for High Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 


DC Input Current 


_65°C 
to +150°C 


-55°C 
to +125°C 


-0.5V 
to +7.0V 


-0.5 
V to +V CC max. 


-0.5V 
to +7.0V 


30mA 


-30 
mA to +5.0 mA 


INPUTS 
INTERNAL 
OUTPUTS 


FUNCTION 
CP 
OJ 
E 
CLR 
POL 
OE-W 
OE-V 
Q 
Wi 
Vi 


X 
X 
X 
X 
X 
H 
L 
NC 
Z 
Enabled 


Output Three-State Control 
X 
X 
X 
X 
X 
L 
H 
NC 
Enabled 
Z 


X 
X 
X 
X 
X 
H 
H 
NC 
Z 
Z 


X 
X 
X 
X 
X 
L 
L 
NC 
Enabled 
Enabled 


Wi Polarity 
X 
X 
X 
X 
L 
L 
L 
NC 
Non-Inverting 
Non-Inverting 
X 
X 
X 
X 
H 
L 
L 
NC 
Inverting 
Non-Inverting 


Asynchronous 
Clear 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
X 
X 
X 
L 
H 
L 
L 
L 
H 
L 


t 
X 
H 
H 
X 
X 
X 
NC 
NC 
NC 
t 
L 
L 
H 
'L 
L 
L 
L 
L 
L 
Clock Enabled 
t 
L 
L 
H 
H 
L 
L 
L 
H 
L 


t 
H 
L 
H 
L 
L 
L 
H 
H 
H 
t 
H 
L 
H 
H 
L 
L 
H 
U 
H 


Am2919 


SWITCHING CHARACTERISTICS 


(T A = +25°0, 
VCC = 5.QV) 


tpHL 
22 
33 


Clock to Yi 
ns 


tpHL 
20 
30 


tpLH 
Clock to Wi 
24 
36 


(Either Polarity) 
ns 


tpHL 
24 
36 


tpHL 
Clear to Yi 
29 
43 
ns 


tpLH 
Clear to Wi 
25 
37 


30 
45 
ns 


tpHL 


tpLH 
Polarity to Wi 
23 
34 
ns 


tpHL 
25 
37 
CL = 15pF 


tpw 
Clear 
18 
ns 
RL = 2.0kO 


Clock Pulse Width 
I 
LOW 
15 
tpw 
I 


ns 
HIGH 
18 


t,; 
Data 
15 
ns 


th 
Data 
5 
ns 


t,; 
Data Enable 
20 
ns 


th 
Data Enable 
0 
ns 


t,; 
Set-up Time, Clear 
20 
15 
ns 
Recovery (Inactive) to Clock 


tzH 
11 
17 
Output 
Enable to W or Y 
ns 


tzL 
13 
20 


tHZ 
Output 
Enable to W or Y 
13 
20 
CL - 
5.0pF 


ns 
RL = 2.0kO 
tLZ 
11 
17 


fmax 
Maximum 
Clock Frequency (Note 1) 
35 
45 
MHz 
CL - 
15pF 
RL = 2.0kO 


Note 1. 
Per industry 
convention, 
fmax 
is the worst case value of the maximum 
device operating 
frequency 
with 
no constraints 
on tr, tf, 


pulse width 
or duty 
cycle. 


Am2919PC, 
DC 


I 


Am2919DM, 
FM 


SWITCHING CHARACTERISTICS 
TA = O°C to 
+70°C 
TA = -55°C 
to 
+125°C 


OVER OPERATING 
RANGE* 
VCC 
= 5.0V 
±5% 
Vcc 
= 5.0V 
±10% 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test 
Conditions 


tpLH 
39 
42 


Clock to Yi 
ns 


tpHL 
39 
45 


tpLH 
Clock to Wi 
41 
43 


48 
ns 


tpHL 
(Either Polarity) 
44 


tpHL 
Clear to Yi 
52 
58 
ns 


tpLH 
42 
43 


Clear to Wi 
ns 


tpHL 
51 
53 


tpLH 
41 
45 


Polarity to Wi 
ns 


CL = 50pF 
tpHL 
42 
44 


tpw 
Clear 
20 
20 
ns 
RL = 2.0kO 


I 
LOW 
20 
20 


tpw 
Clock 


I 


ns 
HIGH 
20 
20 


t,; 
Data 
15 
15 
ns 


th 
Data 
10 
10 
ns 


t,; 
Data Enable 
25 
25 
ns 


th 
Data Enable 
0 
0 
ns 


t,; 
Set-up Time, Clear 
23 
24 
ns 
Recovery (Inactive) to Clock 


tzH 
24 
27 


Output 
Enable to Wi or Yi 
ns 


tzL 
29 
35 


tHz 
33 
45 
CL - 
5.0pF 
Output 
Enable to Wi or Yi 
ns 


tLZ 
22 
26 
RL = 2.0kO 


fmax 
Maximum 
Clock Frequency (Note 1) 
30 
25 
MHz 
CL = 50pF 
RL = 2.0kO 


Any of the four D flip-flop 
data lines. 


Clock 
Enable. 
When 
LOW, the data 
is entered 


into 
the 
register 
on the 
next 
clock 
LOW-to- 
HIGH transition. 
When 
HIGH, 
the data 
in the 
register 
remains 
unchanged, 
regardless 
of the 
data in. 


Clock Pulse. Data is entered 
into the register on 


the LOW-to-HIGH 
transition. 


OE-W, OE-Y 
Output 
Enable. 
When 
OE is LOW, the register 


is enable 
to the 
output. 
When HIGH, the out- 
put 
is in the 
high-impedance 
state. 
The OE-W 
controls 
the 
W 
set 
of 
outputs, 
and 
OE-Y 
controls 
the Y set. 


Any 
of the 
four 
non-inverting 
three-state 
out- 
put lines. 


Any of the four three-state 
outputs 
with polarity 
control. 


Polarity 
Control. 
The Wi outputs 
will be non- 
inverting 
when 
POL 
is LOW, and 
when 
it is 
HIGH, the outputs 
are inverting. 


Asynchronous 
Clear. 
When 
CLR 
is LOW, the 
internal 
Q flip-flops 
are reset to LOW. 


LOW-POWER SCHOTTKY 
INPUT/OUTPUT 


CURRENT 
INTERFACE 
CONDITIONS 


GUARANTEED 
LOADING 
RULES 


OVER OPERATING 
RANGE (In Unit Loads) 


Output 
Output 


Input 
HIGH 
LOW 


Pin No.'s 
Input/Output 
Load 
MIL 
COM'L 
MIL 
COM'L 


1 
DO 
1.0 
- 
- 
- 
- 


2 
Wo 
- 
50 
130 
33 
33 


3 
YO 
- 
50 
130 
33 
33 


4 
Dl 
1.0 
- 
- 
- 
- 


5 
Wl 
- 
50 
130 
33 
33 


6 
Y1 
- 
50 
130 
33 
33 


7 
OE-W 
1.0 
- 
- 
- 
- 


8 
OE-Y 
1.0 
- 
- 
- 
- 


9 
CP 
1.0 
- 
- 
- 
- 


10 
GND 
- 
- 
- 
- 
- 


11 
Y2 
50 
130 
33 
33 


12 
W2 
50 
130 
33 
33 


13 
D2 
1.0 
- 
- 
- 
- 


14 
Y3 
- 
50 
130 
33 
33 


15 
W3 
- 
50 
130 
33 
33 


16 
D3 
1.0 
- 
- 
- 
- 


17 
E 
1.0 
- 
- 
- 
- 


18 
POL 
1.0 
- 
- 
- 
- 


19 
CLR 
1.0 
- 
- 
- 
- 


20 
VCC 
- 
- 
- 
- 
- 


20 
vcc 
,. 
CLR 


DO 
, 
,. 
POL 


Wo 
2 
17 
E 


'6 
03 


Yo 
3 


15 
W3 


0, 
4 


W, 
5 
14 
Y3 


Y, 
6 
'3 
O2 


'2 
W2 


QE·W 
7 


OE·Y • 
11 
Y2 


CP • 
GNO 
10 


Package Type 
Operating Range 
Screening Level 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2919PC 
P-20 
C 
C-l 
AM2919DC 
0-20 
C 
C-l 
AM2919DC-B 
0-20 
C 
B-1 
AM2919DM 
0-20 
M 
C-3 
AM2919DM-B 
0-20 
M 
B-3 


AM2919FM 
F-20 
M 
C-3 
AM2919FM-B 
F-20 
M 
B-3 


AM2919XC 
Dice 
C 
} 


Visual inspection 
to MIL·STD·883 
AM2919XM 
Dice 
M 
Method 2010B. 


Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = O·C to +70·C, Vcc = 4.75V to 5.25V, M = - 
55·C to +125·C, Vcc = 4.50V to 5.50V. 
3. See Appendix A for details of screening. Levels C-l and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 


Class B. 


The 
Am2919 
provides 
for 
easy control 
of 
the selection 
of source 
and destination 
register 
addresses for 
the 
Am2901. 
These controls 
can emanate 
from 
both 
the instruction 
register and the pipeline 
register. 
The control 
is accomplished 
by three-state 
action 
at the Am2919 
outputs. 
Four 
different 
register 
outputs 
can be selected 
by the 
B address which 
is the destination 
register 
in the Am2901. 
Two 
registers can be selected forthe 
Am2901 
A input 
which 
is a second 
RAM 
source. 


The other 
pair of three-state 
outputs 
can be used for function 
control 
select as shown 
with 
the Am2921. 
Here, 
bit set. bit clear. bit toggle and bit test on any of the 16 bits can be performed. 


Am2920 


FUNCTIONAL DESCRIPTION 


The 
Am2920 
is an 8-bit 
register 
built 
using advanced 
Low- 


Power 
Schottky 
technology. 
The 
register 
consists 
of 
eight 


Ootype flip-flops 
with 
a buffered 
common 
clock, 
a buffered 


common 
clock 
enable, 
a buffered 
asynchronous 
clear input, 


and three-state 
outputs. 


When 
the 
clear 
input 
is LOW, the 
internal 
flip-flops 
of the 


register 
are reset 
to 
logic 0 (LOW), 
independent 
of all other 


inputs. 
When the clear input 
is HIGH, the register 
operates 
in 
the normal 
fashion. 


When the 
three-state 
output 
enable 
(OE) input 
is LOW, the 


Y outputs 
are 
enabled 
and 
appear 
as normal 
TTL 
outputs. 


When the 
output 
enable 
(GE) 
input 
is HIGH, the Youtputs 


are in the 
high impedance 
(three-state) 
condition. 
This does 


not affect the internal 
state of the flip-flop 
Q output. 


The 
clock 
enable 
input 
(El is used to selectively 
load data 


into 
the 
register. 
When the E input 
is HIGH, the register 
will 


retain its current 
data. When the E is LOW, new data is entered 


into the register 
on the 
LOW-to-HIGH 
transition 
of the clock 


input. 


This device is packaged 
in a space-saving 
(O.4-inch row spacing) 
22-pin package. 


EJ 


• 
Buffered 
common 
clock enable input 
• 
Buffered 
common 
asynchronous 
clear input 
• 
Three-state 
outputs 


• 
8-bit, high-speed parallel register with positive edge-triggered, 
Ootype 
fli p-flops 


• 
100% reliability 
assurance 
testing 
in compliance 
with 
MIL- 
STO-883 


E 


CLOCK 


ENABLE 


DE 


OUTPUT 


ENABLE 


CONNECTION DIAGRAM 
Top View 


CLR 


10 
CP 


20 


Am2920 


ELECTRICAL CHARACTERISTICS 


The Following 
Conditions 
Apply 
Unless Otherwise 
Specified: 


CQM'L 
T A 
== aOc 
to +70oC 


MIL 
TA = -5SoC 
to +12SoC 


Vcc 
= 5.0V ±5% 


VCC 
= 5.QV 
±10% 


Typ. 


(Note 2) 


Vcc = MIN. 
MI L, 10H = -1.0mA 
2.4 
3.4 
VOH 
Output HIGH Voltage 
Volts 
VIN = VIH or VIL 
COM'L, 10H = -2.6mA 
2.4 
3.4 


VCC = MIN 
10L =4.0mA 
0.4 


VOL 
Output LOW Voltage 
VIN = VIH or VIL 
Volts 


10L =8.0mA 
0.45 


VIH 
Input HIGH Level 
Guaranteed 
input 
logical HIGH 
2.0 
Volts 
VOltage for all inputs 


Guaranteed 
input 
logical LOW 
I 
MIL 
0.7 
VIL 
Input LOW Level 
voltage 
for all inputs 
I 


Volts 
COM'L 
0.8 


VI 
Input Clamp Voltage 
VCC = MIN., IIN = -18mA 
-1.5 
Volts 


IlL 
I nput LOW Current 
VCC = MAX., VIN = 0.4 V 
-0.36 
mA 


IIH 
Input HIGH Current 
VCC = MAX., VIN = 2.7V 
20 
J).A 


II 
Input HIGH Current 
VCC = MAX., VIN = 7.0V 
0.1 
mA 


Off-State (High-Impedance) 
VO=O.4V 
-20 
·0 
VCC = MAX. 
J).A 
Output 
Current 
Vo = 2.4V 
20 


ISC 
Output 
Short 
Circuit 
Current 
VCC = MAX. 
-15 
-85 
mA 
(Note 3) 


ICC 
Power Supply 
Current 
VCC = MAX. 
24 
37 
mA 
(Note 4) 


Notes: 
1. 
For 
conditions 
shown 
as MIN. 
or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
Typical 
limits 
are at Vcc 
= 5.QV, 
25°C 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of 
the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


4. 
All 
outputs 
open, 
E = GNO, 
Oi inputs 
= CLR 
= QE 
= 4.5V. 
Apply 
momentary 
ground, 
then 
4.5V 
to 
clock 
input. 


Package Type 
Operating Range 
Screening Level 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2920PC 
P-22 
C 
C-1 
AM2920DC 
D-22 
C 
C-l 


AM2920DC-B 
D-22 
C 
B-1 
AM2920DM 
D-22 
M 
C-3 
AM2920DM-B 
D-22 
M 
B-3 
AM2920FM 
F-22 
M 
C-3 


AM2920FM-B 
F-22 
M 
B-3 


AM2920XC 
Dice 
C 
} 


Visual inspection 
to MIL-STD-883 
AM2920XM 
Dice 
M 
Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F ~ Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 


2. ~~e~;~::~~~, 
~;~ai~s4s;~~r~~ ~a;~v~u:~er~, ;;:COt~t:e,~~~~i~~co~th::0~~~g;5~~y 
be used unless otherwise specified. 


3. See Appendix A for details of screening. Levels C-l 
and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 
Continuous 


DC Voltage Awned 
to Outputs 
for High Output 
State 


DC Input Volt 
ge 


DC Output 
Current, 
Into Outputs 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-0.5V 
to +7.0V 


-0.5 
V to +V CC max. 


-0.5V 
to +7.0V 


30mA 


-30 
mA to +5.0 mA 


fJ 


SWITCHING 
CHARACTERISTICS 


(TA = +25°C, VCC = 5.0V) 


tPLH 
Clock to Yi IOE LOW) 
18 
27 


ns 
tpHL 
24 
36 


tpHL 
Clear 
to Y 
22 
35 
ns 
ts 
Data (Dj) 
10 
3 
ns 


th 
Data (Dj) 
10 
3 
ns 


I 
Active 
15 
10 


ts 
EnableIE) 


I 


ns 
Inactive 
20 
12 
CL=15pF 


th 
EnableIE) 
0 
0 
RL ~ 2.0k!1 
ns 


ts 
Clear 
Recovery 
(In-Active) 
to Clock 
11 
7 
ns 


I 
HIGH 
20 
14 
tpw 
Clock 
I 


ns 
LOW 
25 
13 
tpw 
Clear 
20 
13 
ns 


tZH 
OE to Yj 
9 
13 
ns 
tZL 
14 
21 


tHZ 
OE to Yi 


20 
30 
CL = 5.0pF 
ns 
RL = 2.0k!1 
tLZ 
24 
36 


fmax 
Maximum 
Clock 
Frequency 
(Note 
1) 
40 
MHz 


Note 
1. 
Per industry 
convention, 
fmax 
is the worst 
case value 
of the 
maximum 
device 
operating 
frequency 
with 
no constraints 
on tr, 
tt, pulse 


width 
or duty 
cycle. 


SWITCHING 
CHARACTERISTICS 
Am2920PC,DC 
Am2920DM,FM 
OVER OPERATING 
RANGE* 


TA = O°C to +70°C 
TA = -55°C 
to +125°C 
VCC = 5.0V ± 5% 
VCC = 5.0V ± 10% 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test Cond itions 


tPLH 
Clock to Yj 100LOWI 


33 
39 


45 
ns 
tPHL 
54 


tpHL 
Clear 
to Y 
43 
51 
ns 


ts 
Data IDj) 
12 
15 
ns 


th 
Data (Di) 
12 
15 
ns 


EnableIE) 
I 
Active 
17 
20 
ts 
I 


ns 
Inactive 
20 
23 
CL ~ 50pF 
th 
EnableIE) 
0 
0 
ns 
RL ~ 2.0k!1 


ts 
Clear 
Recovery 
(I n·Active) 
to Clock 
13 
15 
ns 


I 
HIGH 
25 
30 
tpw 
Clock 
I 


ns 
LOW 
30 
35 


tpw 
Clear 
22 
25 
ns 


tZH 
OE to Y, 
19 
25 


tZL 
ns 
30 
39 


'HZ 
OE to Yi 
35 
40 
CL=5.0pF 
tLZ 
39 
ns 
RL=2.0k!1 
42 
fmax 
Maximum Clock Frequency INote 11 
25 
20 
MHz 


The D fli p-flop data inputs. 


When the 
clear input 
is LOW, the Qi outputs 
are 
LOW, 
regardless 
of the 
other 
inputs. 
When 
the 


clear input 
is HIGH, data can be entered 
into the 


register. 


CP 
Clock 
Pulse for the 
Register; 
enters 
data into the 


register on the LOW-to-HIGH 
transition. 


Yi 
The register three-state 
outputs. 


E 
Clock 
Enable. 
When 
the 
clock 
enable 
is LOW, 


data 
on the 
Di input 
is transferred 
to the Qi out- 


put 
on the 
LOW-to-H IGH clock transition. 
When 
the 
clock 
enable 
is HIGH, the Qi outputs 
do not 


change 
state, 
regardless 
of the data 
or clock input 


transitions. 


OE 
Output 
Control. 
When 
the 
OE 
input 
is HIGH, 


the 
Yi outputs 
are in the 
high impedance 
state. 


When 
the 
OE 
input 
is LOW, the 
TRUE 
register 


data is present at the Vi outputs. 


Inputs 
Internal 
Outputs 


Function 
OE 
CLR 
E 
°i 
CP 
OJ 
Vi 


Hi-Z 
H 
X 
X 
X 
X 
X 
Z 


Clear 
H 
L 
X 
X 
X 
L 
Z 


L 
L 
X 
X 
X 
L 
L 


Hold 
H 
H 
H 
X 
X 
NC 
Z 


L 
H 
H 
X 
X 
NC 
NC 


Load 
H 
H 
L 
L 
t 
L 
Z 


H 
H 
L 
H 
t 
H 
Z 


L 
H 
L 
L 
t 
L 
L 


L 
H 
L 
H 
t 
H 
H 


H : 
HIGH 
L: 
LOW 


X -= Don't 
Care 


NC = No 
Change 
t::: 
LOW-to·H1GH 
Transition 


Z::: 
High 
Impedance 


LOW-POWER SCHOTTKY 
INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


I 
I 
[iJ 


I. 
I 
I 
I 
I 
I 
I 
I 
I 


GUARANTEED 
LOADING 
RULES 
OVER OPERATING 
RANGE 
(In Unit Loads) 


Am2920 


Output 
Output 
Input 
HIGH 
LOW 
Pin No:s 
Input/Output 
Load 
MIL 
COM'L 
MIL 
COM'L 


1 
CLR 
1 
- 
- 
- 
- 


2 
Yo 
- 
50 
130 
22 
22 


3 
DO 
1 
- 
- 
- 


4 
D1 
1 
- 
- 
- 
- 


5 
Y1 
- 
50 
130 
22 
22 


6 
Y2 
- 
50 
130 
22 
22 


7 
D2 
1 
- 
- 
- 


8 
D3 
1 
- 
- 
- 
- 


9 
Y3 
- 
50 
130 
22 
22 


10 
CP 
1 
- 
- 
- 
- 


11 
GND 
- 
- 
- 
- 
- 


12 
Y4 
- 
50 
130 
22 
22 


13 
D4 
1 
- 
- 
- 
- 


14 
D5 
1 
- 
- 
- 
- 


15 
Y5 
- 
50 
130 
22 
22 


16 
Y6 
- 
50 
130 
22 
22 


17 
D6 
1 
- 
- 
- 
- 


18 
D7 
1 
- 
- 
- 
- 


19 
Y7 
- 
50 
130 
22 
22 


20 
DE 
1 
- 
- 
- 
- 


21 
E 
1 
- 
- 
- 
- 


22 
VCC 
- 
- 
- 
- 
- 


Am 2921 


One-of-Eight Decoder 
With Three-State 
Outputs And Polarity Control 


• 
Three-state 
decoder 
outputs 
• 
Buffered 
common 
output 
polarity 
control 
• 
Inverting and non-inverting 
enable inputs 
• 
AC 
parameters 
specified 
over 
operating 
temperature 
and 


power supply 
ranges. 


• 
100% 
reliability 
assurance 
testing 
in 
compliance 
with 


MIL-STD-883 


FUNCTIONAL 
DESCRIPTION 


The Am2921 
is a three-line 
to eight-line decoder/demultiplexer 


fabricated 
using 
advanced 
Low-Power 
Schottky 
technology. 


The 
decoder 
has three 
buffered 
select 
inputs 
A, B, and 
C, 


which are decoded 
to one-of-eight 
Y outputs. 
Two active-H IGH 


and 
two 
active-LOW 
enables 
can be used for gating 
the 
de- 


coder 
or can 
be used with 
incoming 
data for demultiplexing 


appl ications. 


A separate 
polarity 
(POL) 
input 
can 
be used 
to 
force 
the 


function 
active-HIGH 
or 
active-LOW 
at 
the 
output. 
Two 


separate 
active-LOW 
output 
enables 
(OE) inputs are provided. 


If either OE input is HIGH, the output 
is in the high impedance 


(off) 
state. 
When the 
POL input 
is LOW, the 
Y outputs 
are 


active-HIGH 
and when the POL input 
is HIGH, the Youtputs 


are active-LOW. 


The device is packaged 
in a space saving (O.3-inch row spacing) 


20-p in package. 


LOGIC DIAGRAM 
One-of-Eight 
Decoder 


"" 


( '3 
ENABLE 
'4 


OUTPUT 
( 
DEl 


CONTROL 
0E2 


CONNECTION 
DIAGRAM 
Top View 


MPR-207 


LOGIC SYMBOL 


12 
17 


,. 


15 


14 


13 


Vcc 
= Pin 20 


3 , 
1 


" 


18 
8 • 


11 
GND = Pin 10 


MPR-209 


ELECTRICAL 
CHARACTERISTICS 


The Following 
Conditions 
Apply 
Unless Otherwise 
Specified: 


COM'L 
T A = OoC to +70oC 


MIL 
TA = _55°C to +12SoC 


Vcc: 
5.0V ±5% 


VCC = 5.0V ±10% 


Typ. 


INote 21 


Vcc 
~ MIN. 
10H = 1.0mA 
(Mill 
2.4 
3.4 


VOH 
Output 
HIGH 
Voltage 
Volts 


VIN 
= VIH 
or VIL 
10H = -2.6mA 
(COM'Ll 
2.4 
3.4 


10L =4.0mA 
0.4 
VCC = MIN. 
0.45 
Volts 
VOL 
Output 
LOW Voltage 
VIN 
= VIH 
or VIL 
10L = 8.0mA 


10L ~ 12mA 
0.5 


V\H 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 


2.0 
Volts 
vOltage for all inputs 


Guaranteed 
inp,ut logical 
LOW 
I 
MIL 
0.7 


VIL 
I nput 
LOW Level 
voltage 
for all inputs 
I 


Volts 


COM'L 
0.8 


VI 
Input 
Clamp 
Voltage 
VCC = MIN., 
IIN 
~ -18mA 
-1.5 
Volts 


IlL 
I nput 
LOW Current 
VCC = MAX., 
VIN 
= 0.4 V 
-0.36 
mA 


IIH 
Input 
HIGH 
Current 
VCC ~ MAX., 
VIN 
= 2.7V 
20 
IlA 


II 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
~ 7.0V 
0.1 
mA 


Off·State 
(High·lmpedance) 
Vo 
= 0.4 V 
-20 
10 
Output Current 


VCC ~ MAX. 
IlA 


Vo 
= 2.4 V 
20 


ISC 
Output Short Circuit Current 
VCC ~ MAX. 
-15 
-85 
mA 


(Note 
3) 


ICC 
Power Supply 
Current 
VCC = MAX. 
21 
34 
mA 
(Note 
4) 


Notes: 
,. 
For 
conditions 
shown 
as MIN. 
or 
MAX., 
use the appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the applicable 
device 
type. 


2. 
Typical 
limits 
are at VCC 
'"" 5.QV. 
2SoC ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
One output 
should 
be shorted 
at a time. 
Duration 
of 
the short 
circuit 
test 
should 
not 
exceed 
one 
second. 


4. 
Test 
corditions: 
A "" 8 
:= C = E, 
:= E2 "" GND 
: E3 = E4 = POL 
= OE, 
= OE2 
= 4.5V. 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 
Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
Continuous 


DC Voltage Applied 
to Out\"luts for High Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-0.5V 
to +7.0V 


-0.5V 
to +VCC max. 


-0.5V 
to +7.0V 


30mA 


-30 
mA to +5.0 mA 


Am2921 


SWITCHING 
CHARACTERISTICS 


(TA = +25°C, 
VCC = 5.QV) 


'PLH 
20 
30 


A, B, C"to Yi 
ns 
'PHL 
15 
22 


'PLH 
E;', E2 10 Yi 


19 
28 
ns 
'pHL 
20 
30 


'PLH 
21 
31 
CL = 15pF 


E3, E4 10 Yi 
ns 
RL = 2.0kn 
'pHL 
23 
34 


'pLH 
16 
24 


POL 10 Yi 
ns 


'PHL 
20 
30 


'ZH 
OE1,OE2,oYi 


17 
25 


14 
ns 


'ZL 
21 


'HZ 
OE1,OE2,oYi 


17 
25 
CL = 5.0pF 


20 
ns 
RL = 2.0kn 
'LZ 
30 


SWITCHING 
CHARACTERISTICS 


OVER OPERATING 
RANGE* 
Am2921 PC, DC 
Am2921 DM, FM 


TA = O°C to +70°C 
TA = _55°C 
to +125°C 
VCC = 5.0V ± 5% 
VCC = 5.0V ± 10% 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test Conditions 


tpLH 
36 
42 


A, B, C to Yi 
ns 
tpHL 
29 
37 


'PLH 
- 
- 
34 
39 
E1,E2,oYi 
ns 
tPHL 
38 
45 


tpLH 
38 
45 
CL = 50pF 


E3' E4 10 Yi 
ns 
RL = 2.0kn 
'PHL 
43 
52 


'pLH 
29 
34 
POL to Yi 
ns 
'PHL 
39 
49 


'ZH 
OE1, OE2 10 Yi 
38 
45 
ns 
'ZL 
23 
25 


'HZ 
OE1, OE2 10 Yi 
29 
33 
CL = 5.0pF 
ns 
RL = 2.0kn 
'LZ 
33 
36 


LOW·POWER SCHOTTKY 
INPUT/OUTPUT 


CURRENT 
INTERFACE 
CONDITIONS 


20 
vcc 
,. 
V3 


18 
V. 


17 
C 


16 
E, 


15 
E2 


" 


E3 


DE, 
4 


0E2 
5 


A 
6 


-a- -r 


DEFINITION 
OF FUNCTIONAL 
TERMS 


A, B, C, D 
The 
three 
select 
inputs 
to 
the 
decoder/de- 
multiplexer_ 


The 
active 
LOW enable 
inputs. 
A HIGH on 
either 
the 
E, 
or E2 input 
forces 
all decoded 
functions 
to be disabled. 


The 
active 
HIGH 
enable 
inputs. 
A 
LOW on 
either 
E3 or E4 inputs 
forces 
all the decoded 
functions 
to be inhibited. 


Polarity 
Control. 
A LOW on the 
polarity 
con- 
trol input 
forces the output 
to the active-HIGH 


state 
while 
a 
HIGH 
on 
the 
polarity 
control 


input 
forces 
the 
Y outputs 
to the active-LOW 


state. 


Output 
Enable. 
When 
both 
the 
OE1 and OE2 


inputs 
are 
LOW, the Y outputs 
are enabled. 
If 


either 
OE, 
or OE2 
input 
is HIGH, the Yout- 


puts are in the high impedance 
state. 


The eight outputs 
for the decoder/demultiplexer. 


GUARANTEED 
LOADING RULES 


OVER OPERATING RANGE (In Unit Loads) 


Pin No.'s 
Input/Output 


1 
Y2 


2 
Y1 


3 
YO 


4 
DE, 


S 
DE2 


6 
A 


7 
B 


8 
YS 


9 
Y6 


10 
GND 


INPUTS 


E3 
E4 
POL 
C 


X 
X 
X 
X 


X 
X 
X 
X 


Yo 
Y, 


Z 
Z 
Z 
Z 


Input 
Load 


Output 
Output 


HIGH 
LOW 


MIL COM'L 
MIL COM'L 


OUTPUTS 


Y2 
Y3 
Y4 
Ys 


Z 
z 
Z 
Z 
Z 
Z 
Z 
Z 


Package Type 
Operating 
Range 
Screening 
Level 


Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2921PC 
P-20 
C 
C-1 


AM2921DC 
D-20 
C 
C-1 


AM2921 DC-B 
D-20 
C 
B-1 


AM2921DM 
D-20 
M 
C-3 
AM2921DM-B 
D-20 
M 
B-3 
AM2921FM 
F-20 
M 
C-3 


AM2921FM-B 
F-20 
M 
B-3 


AM2921XC 
Dice 
C 
} 


Visual inspection 


AM2921XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded 
DIP, D = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
B for detailed outline. 


Where Appendix 
B contains several dash numbers, any of the variations 
of the package may be used unless otherwise 
specified. 
2. C = O·C to + lO·C, Vcc = 4.l5V 
to 5.25V, M = - 
55·C to + 125·C, Vcc = 4.50V to 5.50V. 
3. See Appendix 
A for details of screening. 
Levels C-1 and C-3 conform 
to MIL-STD-883, 
Class C. Level B-3 conforms 
to MIL-STD-883, 


Class B. 


ENABLES 
( 


I 


A 
B 
C 
" 


A 
B 
C 
" 
~ 
'3 
E4 r---- 
H 
- E3 
"~ 
~ 
" 
Am2921 
---c " 
Am2921 


- 
POL 


O'~ 
- 
POL 
DEl 
Yo 
Y, 
Y, 
Y, 
Y, 
Y, 
YB 
Y, 
'0 
Y, 
Y, 
Y, 
Y, 
Y5 
Y6 
Y, 


0 
, , 
3 , , 
6 , 
8 
9 
'0 
11 
12 
13 
14 
15 


~ 


16 BIT DATA BUS 


~ 
DATA 
Am2901 
MICROPROCESSOR 
V 


INPUT 
ARRAY 


Two 
Am2921's 
can be used to perform 
a bit set, bit clear, 
bit toggle 
or bit test on any of sixteen 
bits 
in 


a microprocessor 
system. 
Examples 
of the operations 
performed 
are as follows: 


Microprogram 
Am2901 
Bit 
Function 


Control 
16-Bit 
Field 
From 
Am2921 
ALU 
Performed 
On 


D 
C 
B 
A 
POL 
0 
1 
2 
3 
4 
5 
6 
7 8 
9 
1011 
12131415 
Function 
Selected 
Register 


0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
OR 
BIT SET 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
AND 
BIT TEST 
0 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
AND 
BIT CLEAR 


1 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
EX NOR 
BIT TOGGLE 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
EX OR 
BIT TOGGLE 


Am2922 


Eight Input Multiplexer 
With Control Register 


DISTINCTIVE CHARACTERISTICS 


• 
High speed eight-input 
multiplexer 
• 
On-chip 
Multiplexer 
Select 
and 
Polarity 
Control 
Register 
• 
Output 
polarity 
control 
for 
inverting 
or 
non-inverting 


output 


• 
Common 
register enable 


• 
Asynchronous 
register clear 
• 
Three-state 
output 
for expansion 
• 
AC 
parameters 
specified 
over 
operating 
temperature 
and 


power supply 
ranges. 
• 
100% product 
assurance 
testing to MIL-STD-883 


requirements 


FUNCTIONAL DESCRIPTION 


The 
Am2922 
is 
an 
eight-input 
Multiplexer 
with 
Control 


Register. 
The device features 
high speed from clock to output 


and 
is intended 
for use in high speed computer 
control 
units 


or structured 
state machine 
designs. 


The Am2922 
contains 
an internal 
register 
which 
holds the A, 
Band 
C multiplexer 
select 
lines as well as the POL (Polarity) 


control 
bit. When the Register Enable input 
(R E) is LOW, new 


data 
is entered 
into the register 
on the LOW-to-HIGH, 
transi- 
tion 
of the 
clock. 
When 
RE is HIGH, 
the register 
retains 
its 


current 
data. 
An asynchronous 
clear 
input 
(CLR) 
is used to 
reset the register to a logic LOW level. 


The A, Band 
C register outputs 
select one of eight multiplexer 
data 
inputs. 
A HIGH on the Polarity 
Control 
flip-flop 
output 


causes 
a true 
(non-inverting) 
multiplexer 
output, 
and a LOW 


causes the output 
to be inverted. 
In a computer 
control 
unit, 
this allows testing 
of either 
true or complemented 
flag data at 
the microprogram 
sequencer 
test input. 


An active 
LOW Multiplexer 
Enable 
input 
(ME) allows the se- 


lected 
multiplexer 
input 
to be passed to the output. 
When ME 


is HIGH, the output 
is determined 
only by the Polarity 
Control 
bit. 


The Am2922 
also features 
a three-state 
Output 
Enable control 
(OE) for expansion. 
When OE is LOW, the output 
is enabled. 


When OE is f-jIGH, the output 
is in the high impedance 
state. 


CONNECTION DIAGRAM 
Top View 


ELECTRICAL 
CHARACTERISTICS 


The Following 
Conditions 
Apply 
Unless Otherwise 
Specified: 


COM'L 
TA::"OOCto+70oC 
VCC=5.0V±5% 
MIN.=4.75V 
MAX."='5.25V 


MIL 
TA:r::-5S0Cto+12SoC 
VCC=5.0V±10% 
MIN.=4.50V 
MAX.=5.5QV 


Typ. 


INote 
2) 


VCC = MIN. 
MIL, 
10H = -2.0mA 
2.4 
3.4 


VOH 
Output 
HIGH 
Voltage 
VIN 
= VIH 
or VIL 


Volts 
COM'L, 
10H = -6.5mA 
2.4 
3.2 


10L =4.0mA 
0.4 
VCC = MIN. 
Volts 
VOL 
Output 
LOW Voltage 
VIN 
= VIH 
or VIL 
10L =8.0mA 
0.45 


10L =20mA 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 


2.0 
Volts 
voltage 
for all inputs 


Guaranteed 
input 
logical 
LOW 
I 
MIL 
0.7 
VIL 
Input 
LOW Level 
voltage 
for all inputs 
I 


Volts 
COM'L 
0.8 


VI 
Input Clamp 
Voltage 
VCC = MIN., 
IIN 
= -18mA 
-1.5 
Volts 


VCC = MAX., 
ME, OE, RE 
-0.72 
IlL 
Input 
LOW Current 
VIN 
= 0.4V 
mA 
ON, A, B, C, POL, CP, CLR 
-2.0 


VCC = MAX., 
ME, CE, RE 
40 
IIH 
Input 
HIGH 
Current 
VIN 
= 2.7V 
}J.A 
ON, A, B, C, POL, CP, CLR 
50 


VCC = MAX., 
ME, OE, RE 
0.1 
II 
Input 
HIGH 
Current 
mA 
VIN=5.5V 
°N,A,B,C,POL,CP,CLR 
1.0 


Off-State 
(High-Impedance) 
VO=O.4V 
-50 
10Z 
Output 
Current 
VCC = MAX. 
VO=2.4V 
}J.A 
50 


ISC 
Output 
Short Circuit 
Current 
VCC = MAX. 
-40 
-100 
mA 
(Note 
3) 


ICC 
Power 
Supply 
Current 
VCC = MAX. 
97 
148 
mA 
(Note 4) 


Notes: 
1. For conditions shown as MIN. 
or MAX., 
use the appropriate value specified under Electrical Characteristics for the applicable device type. 


2. Typical 
limits 
are at VCC 
= 5.QV. 
2SoC 
ambient 
and 
maximum 
loading. 


3. 
Not 
more 
than 
one output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
test 
should 
not 
exceed 
one 
second. 


4. 
ON, 
A, 
B. C, POL, 
ME 
at Gnd. 
All 
other 
inputs 
and outputs 
open. 
Measured 
after 
a momentary 
ground 
then 
4.5V 
applied 
to clock 
input. 


MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage 
to Ground 
Potential 
Continuous 


DC Voltage 
Applied 
to Outputs 
for High Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 


DC Input 
Current 


_65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7.OV 


-O.5V 
to +VCC max. 


-o.5V 
to +5.5V 


30m A 


-30mA 
to +5.omA 


SWITCHING 
CHARACTERISTIC~ 


(TA = +25°C, VCC = 5.QV) 


tpLH 
21 
32 


Clock to Y POL - 
LOW 
ns 


tpHL 
19 
29 


tpLH 
16 
24 


Clock to Y POL - 
HIGH 
19 
29 
ns 


tPHL 


tPLH 
10 
16 


On to Y 
ns 


tpHL 
13 
19 


tpLH 
22 
33 
CL = 15pF 
CLR to Y 
22 
33 
ns 


RL = 2.0kfl 
tPHL 


tpLH 
12 
18 
MEtoY 
ns 


tpHL 
12 
18 


tZL 
8 
14 
ns 


tZH 
OE to Y 
8 
14 


tLZ 
10 
17 
CL = 5.0pF 
ns 


tHZ 
10 
17 
RL = 2.0kfl 


A,B,C, 
POL 
10 
ts 
CE 


ns 
15 


ts 
CLR Recovery 
5 
ns 
CL = 15pF 


Clock 
10 
RL = 2.0kfl 
tpw 
Clear (LOW) 
ns 
10 


th 
A. B, C, POL, CE 
0 
ns 


SWITCHING 
CHARACTERISTICS 
Am2922PC, 
DC 
Am2922DM, 
FM 
OVER OPERATING 
RANGE* 


TA = O°C to 
+70°C 
TA = -55°C 
to 
+125°C 


Vee 
= 5.0V 
±5% 
Vee 
= 5.0V 
±10% 


Parameters 
Description 
Min. 
Max. 
Min. 
Max. 
Units 
Test 
Conditions 


tpLH 
40 
47 


Clock to Y, POL-L 
ns 
tpHL 
34 
38 


tPLH 
Clock to Y, POL-H 
29 
33 


ns 
tpHL 
35 
41 


tpLH 
ON to Y 
19 
21 
ns 
tPHL 
22 
24 
CL = 50pF 


tpLH 
CLR to Y 


39 
45 
RL = 2.0kfl 
ns 
tPHL 
39 
45 


tpLH 
ME to Y 
22 
26 
ns 
tpHL 
19 
20 


tZL 
OE to Y 


19 
24 


22 
29 


ns 
tZH 


tLZ 
OE to Y 
24 
30 
CL = 5.0pF 
ns 
tHZ 
24 
30 
RL = 2.0kfl 


A. B, C POL 
11 
12 
ts 
CE 
ns 
18 
20 


"" 


ts 
CLR Recovery 


"" 
6 .. 
7 
ns 
CL = 50pF 


Clock 
11 
12 
RL = 2.0kfl 
tpw 
ns 
Clear (LOW) 
11 
12 


tH 
A,B,C,POL,CE 
3 
3 
ns 


data 
inputs 
is selected 
by 
the 
A, 
Band 
C register 


outputs. 


Polarity 
Control 
Bit. 
A HIGH 
register 
output 
causes 


a true 
(non-inverted) 
output 
and a LOW causes the 


output 
to be inverted. 


Multiplexer 
Enable. 
When 
LOW, 
it 
enabled 
the 
a-input 
multiplexer. 
When 
HIGH, 
the 
Y output 
is 
determined 
by only the Polarity 
Control 
bit. 


Register 
Enable. 
When 
LOW, the Multiplexer 
Select 


and Polarity 
Control 
Register is enabled 
for loading. 
When HIGH, 
the register holds 
its current 
data. 


Select and Polarity 
Control 
Register. 


Data Inputs 
to the a-input 
multiplexer. 


Clock 
Pulse. 
When 
R E 
is 
LOW, 
the 
Multiplexer 


Select 
and 
Polarity 
Control 
Register 
changes 
state 


on the LOW-to-HIGH 
transition 
of CPo 


Output 
Enable. 
When 
LOW, the output 
is enabled. 


When 
HIGH, 
the 
output 
is in the 
high 
impedance 


state. 


Multiplexer 
Disable 


Tri-state 
Output 
Disable 


x 
X 
X 


~ ~ I 


X 
X 
X 


L 
L 
L 


L 
L 
H 


L 
H 
L 


L 
H 
H 


H 
L 
L 


H 
L 
H 


H 
H 
L 


H 
H 
H 


X 
X 
X 


X 
NC 
NC 
NC 


L 
L 
L 


L 
L 
H 


L 
H 
L 


L 
H 
H 


H 
L 
L 


H 
L 
H 


H 
H 
L 


H 
H 
H 


X 
X 
X 
X 


X 
X 
X 


X 
X 
X 


H 
50 
z 


OJ/Oj 
(Note 
1) 


DO/DO 
51/01 
52/02 
53/03 
54/04 
55/05 
56/06 
57/07 


H 


L 


Note1: 
The 
output 
will 
follow 
the 
selected 
inpuL 
OJ. or its 


complement 
depending 
on the 
state 
of the 
POL 
flip-flop. 


Package Type 
Operating Range 
Screening Level 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2922PC 
P-20 
C 
C-1 
AM2922DC 
D-20 
C 
C-1 
AM2922DC-B 
D-20 
C 
B-1 
AM2922DM 
D-20 
M 
C-3 
AM2922DM-B 
D-20 
M 
B-3 
AM2922FM 
F-20 
M 
C-3 
AM2922FM-B 
F-20 
M 
B-3 


AM2922XC 
Dice 
C 
} 


Visual inspection 


AM2922XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F ~ Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 


Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = O°Cto + 70°C, VCC = 4.75V to 5.25V, M = - 
55°C to + 125°C, VCC = 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 


Class B. 


LOW-POWER SCHOTTKY 
INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


liE 


ME 


do 


20 
VCC 
,. 
0, 


'8 
O2 


17 
03 
,. ee 


05 
13 


04 
14 


Y 
15 


INSTRUCTION 
INPUTS 
FROM PIPELINE 
REGISTER 


Am2910 
MICROPROGRAM 


Yi 
Ai 
MEMORY 


12 


- 
OUTPUTS 
CC 
I 
II 
I 
! 


Y 
ME l- 
• 


Do 


0, 
DO 
0, 


O2 
Am25LS175 
~ 


liE 
PIPELINE 
REGISTER 
03 


D. 
E 
p 
"0 
Q, 
0, 


<t 


05 
C 


D. 
B 


07 
DE 


A 


I 
I 


DE 
UNCONDITIONAL 


00 
ME 


0, 
---- 
O2 


03 
~ 


liE 
d. 
E 
p 


<t 


05 
C 


D. 
B 


---_ 
D] 


Y 
A 


I 


Am2923 
Eight-Input 
Multiplexer 


Distinctive Characteristics 


• Advanced Schottky technology 
• 
Switches one of eight inputs to two complementary 
outputs 


FUNCTIONAL 
DESCRIPTION 


The Am2923 
is an 8-input 
multiplexer 
that switches 
one of eight 


inputs 
onto 
the 
inverting 
and 
non-inverting 
outputs 
under 
the 


control 
of a 3-bit 
select 
code. 
The 
inverting 
output 
is one gate 


delay 
faster 
than the non-inverting 
output. 


The Am2923 
features 
a 3-state 
output for data bus organization. 


The 
active-LOW 
strobe, 
or "output 
control" 
applies 
to both the 


inverting 
and 
non-inverting 
output. 
When 
the outpuLcontrol 
is 
HIGH, 
the outputs 
are in the 
high-impedance 
state. 
When 
the 


output 
control 
is LOW, the active 
pull-up 
output 
is enabled. 


Order the part number according to the table below to obtain the desired 
package, temperature range and screening level. 


Package 
Operating 
Type 
Range 


(Note 1) 
(Note 2) 


P-16-1 
C 
D-16-1 
C 
D-16-1 
C 
D-16-1 
M 
D-16-1 
M 
F-16-1 
M 
F-16-1 
M 


Screening 
Level 
(Note 3) 


C-1 
C-1 
B-1 
C-3 
B-3 
C-3 
B-3 


AM2923PC 
AM2923DC 
AM2923DC-B 
AM2923DM 
AM2923DM-B 
AM2923FM 
AM2923FM-B 


} 


Visual inspection 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following 


letter is number of leads. See Appendix B for detailed outline. Where 
Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 
2. C = 0 to lO·C, 
Vcc 
= 4.l5V 
to 5.25V, M = 
-55 
to +125·C, 
Vcc = 4.50 to 5.50V. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform 


to MIL-STD-883, 
Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


CONNECTION DIAGRAM 
Top View 


• 
3-state output for bus organized systems 
• 
100% reliability assurance testing in compliance with 
MIL-STD-883 


MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life 
may be impaired). 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 
(Pin 
16 to Pin 8) Continuous 


DC Voltage 
Applied 
to Outputs 
for 
HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Cwrent, 
Into 
Output 


DC Input 
Current 


-65°C 
to +150°C 


-55°C 
to +125°C' 


-O.5V 
to +7V 


-O.5V 
to + Vcc 
max. 


-O.5V 
to +5.5V 


30mA 


-30mA 
to +5.0mA 


Am2923PC, 
DC, XC 
Am2923DM, 
FM, XM 
TA =0 to 70°C 
TA = -55 
to +125°C 
Vcc 
= 5.0V ±5% 
(COM'L) 
MIN = 4.75V 
MAX = 5.25V 
Vee 
= 5.0V ±10% 
(MIL) 
MIN = 4.5V 
MAX = 5.5V 


Typ 
Test Conditions (Note 1) 
Mln 
(Note 2) 


~ 


Vee 
= MIN, 
l'oH 
= -2mA 
2.4 
3.4 


VOH 
Output HIGH Voltage 


V,N = '!,H or V,L 
I IOH = -6.5mA 


Volts 


COM'L 
2.4 
3.2 


VOL 
Output LOW Voltage 
Vee 
= MIN, IOL = 20mA 
0.5 
Volts 
V,N = V,H or V,L 


V,H 
Input HIGH Level 
Guaranteed 
input logical HIGH 
2 
Volts 
voltage for all inputs 


V,L 
Input LOW Level 
Guaranteed 
input logical LOW 
0.8 
Volts 
voltage for all inputs 


V, 
Input Clamp Voltage 
Vee 
= MIN, I'N = -18mA 
-1.2 
Volts 


I'L 
Unit Load 
Vee 
= MAX, V,N = 0.5 
-2 
mA 
(Note 3) 
Input LOW Current 


IIH 
Unit Load 
Vee 
= MAX, V,N = 2.7 
50 
p.A 
(Note 3) 
Input HIGH Current 


I, 
Input HIGH Current 
Vee 
= MAX, V,N = 5.5V 
1 
mA 


lo(off) 
Off-State (High-Impedance) 
Vee 
= MAX, 
Vo = 2.4V 
50 
Output Current 
V,N = V,H or V1L 
Vo = 0.5V 
-50 
p.A 


' 
se 
Output Short Circuit Current 
Vee 
= MAX, VOUT = O.OV 
-40 
-100 
mA 
(Note 4) 


Ice 
Power Supply Current 
Vee 
= MAX (Note 5) 
55 
85 
mA 


Notes: 
1. For conditions 
shown as MIN or MAX, use the appropriate 
value specified under Electrical Characteristics 
for the applicable 
device type. 


2. Typical limits are at Vee 
= 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents 
= Unit Load Current x Input Load Factor (see Loading Rules). 


4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. 'ce 
is measured with all outputs open and all inputs at 4.5V. 


tPLH 
12 
18 
A, B, or C to Y; 4 Levels of Delay 
ns 
tpHL 
13 
19.5 


tpLH 
A, B, or C to W; 3 Levels of Delay 


10 
15 
ns 
tpHL 
9 
13.5 


tPI H 
Vee 
= 5.0V, RL = 280n, 
CL = 15pF 
8 
12 
Any D to Y 
ns 
tpHL 
8 
12 


tpLH 
Any D to W 


4.5 
7 
ns 
tpHL 
4.5 
7 


tZH 
13 
19.5 
Output Enable to Y 
ns 
tZL 
14 
21 


tZH 


Vee 
= 5.0V, RL = 280n, 
CL = 15pF 
13 
19.5 
Output Enable to W 
ns 
tZL 
14 
21 


tHz 
5.5 
8.5 


tLZ 
Output Enable to Y 
ns 


9 
14 


tHZ 


Vee 
= 5.0V, RL = 280n, 
CL = 5pF 
5.5 
8.5 


tLz 
Output Enable to W 
ns 


9 
14 


I 
INPUTS 
OUTPUTS 


SELECT 
OutputSontrol 


C 
B 
A 
S 
Y 
W 


X 
X 
X 
H 
Z 
Z 


L 
L 
L 
L 
°0 
°0 


L 
L 
H 
L 
0, 
0, 


L 
H 
L 
L 
°2 
°2 


L 
H 
H 
L 
°3 
°3 


H 
L 
L 
L 
04 
04 


H 
L 
H 
L 
Os 
Os 


H 
H 
L 
L 
°6 
°6 
H 
,H 
H 
L 
07 
°7 


00-07 =The 
output 
will 
follow 
the HIGH-level or LOW-level of 


th Iselected 
input. 


50-57 
= The 
output 
will 
follow 
the complement 
of the HIGH· 


level or 
LOW~level 
of 
the 
selected 
input. 


A. B. C 
T e three select inputs of the multiplexer. 


Do. D1. D2• D3. 
D4. D5• D6. D7 
The eight data inputs of the multiplexer. 


Y 
The true multiplexer 
output. 


W 
The co~plement 
multiplexer 
output. 
S OutPut.IControl. 
HIGH 
on the output 
control 
(or strobe) 


forces bot~ the Wand 
Y outputs 
to the high-impedance 
(off) 


state. 


Fan-out 


Input 
Output 
Output 


Input/Output 
Pin No:s 
Unit Load 
HIGH 
LOW 


03 


02 
2 


01 
3 


DO 
4 


Y 
5 
20 
10 


W 
6 
20 
'0 


S 
7 


GNO 
8 


C 
9 


B 
10 


A 
11 


07 
12 


06 
13 


05 
14 


04 
'5 
Vcc 
16 


SCHOTTKY 
INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


EI 


,-- 


-iGl 
~lY3 


••. ~ lY2 
- 
lA ~S; 
:::~m 


r-" 
~iYO- 
'--- 


5 
Do 01 
02 
03 
04 Os 
06 
07 
S 
00 
01 
02 
0) 
04 
05 
06 
07 
5 
00 
01 
02 
03 
04 
05 
06 
07 
5 
DO 01 
02 
OJ 04 
Os 06 
07 
A 
,--- 
A 
,--- 
A 
-A 
, 
Am2923 
-, 
Am2923 
-, 
Am2923 
C--' 
Am2923 


C 
lJ.INPUT 
MULTIPLEXER 


C 


8-INPUT 
MULTIPLEXER 
C 
8·INPUT 
MULTIPLEXER 
C 
8·INPUT 
MULTIPLEXER 
- 
.. 
y 
.. 
y 
.. 
y 
.. 
y 
- 
I 
I 
I 


MUL TIPLEXEA 
OUTPUT 
MUl TIPLEXEA 
OUTPUT 


D2 
2 


Dl 
3 
DO 
4 


Y 
S 
W 
S 
-, 
7 


Vcc 
IS 
IS 
D4 


14 
DS 


13 
DS 


12 
D] 
11 
A 


10 
B 


9 


Am2924 
3-Line to 8-Line Decoder/Demultiplexer 


• 
Advanced 
Schottky 
technology 


• 
Inverting 
and non-inverting 
enable 
inputs 


FUNCTIONAL DESCRIPTION 


The Am2g24 is a 3-line to 8-line decoder/demultiplexer fabricated 
using ad anced Schottky technology. The decoder has three 
buffered select inputs A, Band C that are decoded to one of eight 
Youtputs. 


One active-HIGH and two active-LOW enables can be used for 
gating the decoder or can be used with incoming data for demul- 
tiplexing applications. When the enable input function is in the 
disable state, all eightY outputs are HIGH regardless of the A, B 
and C select inputs. 


Order the part number according to the table below to obtain the desired 
package, temperature 
range and screening level. 


Package 
Type 
(Note 1) 


P-16-1 
D-16-1 
D-16-1 
D-16-1 
D-16-1 
F-16-1 
F-16-1 


Screening 
Level 


(Note 3) 


C-l 
C-l 
B-1 
C-3 
B-3 
C-3 
B-3 


I} 


Visual inspection 
to MIL-STD-883 
Method 2010B. 


Operating 
Range 
(Note 2) 


C 
C 
C 
M 
M 
M 
M 


C 
M 


AM2924PC 
AM2924DC 
AM2924DC-B 
AM2924DM 
AM2924DM-B 
AM2924FM 
AM2924F~·B 


AM2924XC 
AM2924XM 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following 


letter is number of leads. See Appendix B for detailed oulline. Where 
Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise 
specified. 
2. C = 0 to 70·C, VCC = 4.75V to 5.25V, M = -55 
to + 125·C, VCC = 
4.50V to 5.50V. 
. 


3. See Appendix A for details of screening. Levels C-l and C-3 conform 


to MIL-STD-883, 
Class 
C. Level 
B-3 conforms 
to 
MIL-STD-883 


Class B. 


CONNECTION 
DIAGRAM 
Top View 


• 
100% 
reliability 
assurance 
testing 
in compliance 
with 


MIL-STD-883 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 
(Pin 16 to Pin 8) Continuous 


DC Voltage Applied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V 
to +Vcc 
max. 


-O.5V 
to +5.5V 


30m A 


-30m 
A to +5.0mA 


Am2924PC. DC. XC 
TA = aOc to +70oC 
VCC - 5.0V ±5%(COM'L) 
MIN. - 4.75V 
1\IIAX. = 5.25V 
Am2924DM. FM, XM 
TA:= _55°c 
to +12SoC 
VCC = 5.0V ±10%(MIL) 
MIN. - 4.5V 
MAX. - 5.5V 


Typ. 


Parameters 
Description 
Test Conditions 
(Note 1) 
Min. 
(Note 2) 
Max. 
Units 


VCC = MIN.• 10H = -lmA 
I MIL 
2.S 
3.4 


VOH 
Output HIGH Voltage 
I COM'L 


Volts 


VIN - VIH or VIL 
2.7 
3.4 


VOL 
Output LOW Voltage 
VCC - MIN., 10L = 20mA 
O.S 
Volts 


VIN - VIH or VIL 


VIH 
Input HIGH Level 
Guaranteedinput logical HIGH 
2.0 
Volts 
voltagefor all inputs 


~IL 
Input LOW I..,evel 
Guaranteedinput logical LOW 
0.8 
Volts 
voltage for all inputs 


VI 
Input Clamp Voltage 
VCC = MIN., IIN = -18mA 
-1.2 
Volts 


IlL 
Input LOWCurrent 
VCC = MAX., VIN = O.SV 
-2 
mA 
(Note 3) 


IIH 
Input HIGH Current 
VCC - MAX., VIN = 2.7V 
SO 
I'A 
(Note 3) 


II 
Input HIGH Current 
VCC = MAX., VIN = S.SV 
1.0 
mA 


ISC 
Output 
Short Circuit Current 
VCC = MAX., VOUT = O.OV 
-40 
-100 
mA 
(Note 4) 


ICC 
PowerSupply Current 
VCC = MAX. 
(Note·S) 
49 
74 
mA 


Notes: 
1. 
For 
conditions 
shown 
as MI N. or MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the applicable 
device 
type. 


2. 
Typical 
limits 
are at VCC = 5.0 
V. 25°C 
ambient 
and 
maximum 
loading. 


3. 
Actual 
input 
currents 
= Unit 
Load 
Current 
x Input 
Load 
Factor 
(See 
Loading 
Rules). 


4 .. Not more than one output 
should 
be shorted 
at a time. 
Duration 
of the short circuit 
test should 
not exceed one second. 


5. 
Outputs 
enabled 
and 
open. 


tpLH 
Two Level Delay 
4.S 
7 
Selectto Output 
ns 
tpHL 
7 
10.S 


tpLH 
Three Level Delay 
7.S 
12 


tPHL 
Selectto Output 
8 
12 
ns 


VCC = SV, CL = lSpF, RL - 280n 
tPLH 
G2A or G2B 
S 
8 


tPHL 
to Output 
7 
ns 
11 


tPLH 
7 
11 
Gl to Output 
ns 
tPHL 
7 
11 


Inputs 


Outputs 
Enable 
Select 


Gl 
G2A 
G2B 
e B A 
YO 
Yl 
Y2 
Y3 
Y4 
Ys 
Ys 
Y7 


L 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
H 
i< 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


X 
X 
H 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 


H 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


H 
L 
L 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 


H 
L 
L 
L 
H 
L 
H 
H 
L 
H 
H 
H 
H 
H 


H 
L 
L 
L 
H H 
H 
H 
H 
L 
H 
H 
H 
H 


H 
L 
L 
H L 
L 
H 
H 
H 
H 
L 
H 
H 
H 


H 
L 
L 
H L 
H 
H 
H 
H 
H 
H 
L 
H 
H 


H 
L 
L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 


H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H: 
HIGH 


L: 
LOW 


X = Don't care 


A. B. C 
Select. The three select inputs to the decoder. 


G1 
The active-HIGH 
enable 
input. 
A LOW on the Gl 
in- 
put 
forces 
all Youtputs 
HIGH 
regardless 
of any 
other 


inputs. 


G2A. G2B 
The 
active-LOW 
enable 
input. 
A HIGH 
on 


either 
the 
G2A or G2B input 
forces 
all Y outputs 
HIGH 


regardless 
of any other inputs. 


Yo. Y1• Y2• Y3. Y4. Y5• Ys. Y7 
The eight decoder 
outputs. 


Input/Output 
Pin No.'s 


A 
1 


B 
2 


C 
3 


G2A 
4 


G2B 
5 


Gl 
S 


Tj 
7 


GND 
8 


V6 
9 


Ys 
10 
Y4 
11 


Y3 
12 


V; 
13 


V1 
14 
va 
15 


Vee 
16 


Unit Load 


1 


Fan-out 
Output 
Output 
HIGH 
LOW 


20 
10 


20 
10 


20 
10 


20 
10 


SCHOTTKY 
INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


V, 


" 
"0 
A 


YS 
" 
5, 
Y. 
13 


52 
~ 
Y. 
12 


SELECT 
~ 
fJ 


G2A 
" 


Y3 
11 


G2S 
V; 
10 


Y, 


53 
Gl 


YO 


DeCODE 
DATA 
OUTPUT 


Y, 
A 
YS 


Y. 


~ 
Y. 


G2B 


E 
Y3 
" 


DATA 
G2A 
Y2 


Y, 


Gl 
Yo 


H=HIGH 


" 
Yo 


" 


T, 


13 
Y2 


12 
Y3 


11 
y. 


10 
Ys 


9 
Ys 


Am2925 


System Clock Generator 
and Driver 


DISTINCTIVE CHARACTERISTICS 


• 
Single chip clock generator and driver 
• 
Four different clock output waveforms for Am2900 and other 
bipolar and MaS systems 
• 
Crystal controlled for stable system operation 
• 
Oscillator to 31MHz - 
oscillator output for external system 


timing 


• 
Clock halt, single-step and wait controls 
• 
Variable cycle lengths - 1 of 8 different cycle lengths may be 
programmed 
• 
Slim 0.3" 24-pin package 
• 
100% product assurance screening to MIL-STD-883 
requirements 


{ 


Xl 


CRYSTAL 


X2 


( 


Ll 


CYCLE 
L2 
lENGTH 


L3 


CONNECTION 
DIAGRAM 


Top View 


FUNCTIONAL DESCRIPTION 


The Am2925 is a single-chip general purpose clock generator! 
driver. It is controlled by a crystal, selected by the designer, and is 
microprogrammable 
to meet a variety of system speed require- 


ments. 
The Am2925 
generates 
four different 
clock 
output 


waveforms tailored to meet the needs of Am2900 
and other 


bipolar and MaS microprocessor based systems. Also, variable 
cycle lengths may be generated under microprogram 
control. 


One of eight different cycle lengths may be microprogrammed 
using the Cycle Length inputs L" 
L2, and L3. 


The Am2925 oscillator runs at frequencies up to 31MHz. A buf- 
fered oscillator output is provided for extl'!rnal system timing. 


Clock halt, single-step and wait controls are provided for the 
Am2925. The HALT REO input halts the clocks; the clocks re- 
sume when the HALT REO input is deactivated. The SINGLE- 
STEP input, which operates only when the clocks are halted, 
generates the clocks for a single cycle. The WAIT REO input 
stops the clocks and puts the Am2925 in a "wait" state. In this 
state, the clocks remain stopped until an asynchronous READY 
input signal is received. The WAIT ACK output indicates when the 
Am2925 is in the "wait" state. The WAIT REO and READY inputs 
are pulse sensitive and are overridden by the HALT REO input. 


One of eight cycle lengths may be microprogrammed 
using the 


L" L2, and L3 inputs. There are four clock output waveforms for 
each of the 8 possible cycle lengths. 


OSCILLATOR 


FIRST/rnl' 
WAIT ACK 


HALT, 
N.O. 


HALT, N.C. 


SINGLE STEP. N.O. 
Fo 


SINGLE STEP, N.C. 


WAIT REO 


I 


C, 


CLOCKS 
C2 


C3 
C. 


L, } CYCLE 
L2 
LENGTH 
L, 


Am2926 • Am2929 


Schottky 
Three-State 
Quad Bus Driver/Receiver 


Distinctive Characteristics 


I 


• Advanced Schottky technology 
• 48mA driver sink current 
• 
3-state outputs on driver and receiver 
• 
PNP inputs 
• Am2926 has inverting outputs 
• Am2929 has non-inverting outputs 


• 
Driver propagation delay - 
14ns max for Am2926; 17ns 


max for Am2929 


• 
Receiver propagation delay - 
14ns max for Am2926; 


17ns max for Am2929 


• 
100% reliability assurance testing in compliance with 
MIL-STD-883 


FUNCTIONAL 
DESCRIPTION 


The Am2926 
and Am2929 
are high speed bus transceivers 


consisting 
of four 
bus drivers with three-state 
outputs 
and 


four bus receivers, 
also with three-state 
outputs·_ Each driver 


output 
is internally 
connected 
to a receiver input. 
Both the 


drivers and receivers have PNP inputs. 


One buffered 
common 
"bus 
enable" 
input 
is connected 
to 
the 
four 
drivers 
and another 
buffered 
common 
"receiver 


enable" 
input 
is connected 
to the receivers. 
A LOW on the 


bus enable 
(B/E) input forces the four driver outputs 
to the 


high-impedance 
state. 
A HIGH 
on the 
bus enable 
allows 


input data to be transferred 
onto the data bus. 


A HIGH on the receiver enable 
(R/E) input forces the four 
receiver 
outputs 
to the high-impedance 
state while a LOW 


on the receiver 
enable 
input 
allows the received 
data to be 
transferred 
to the output. 
The complementary 
design of the 


bus enable 
and 
receiver enable 
inputs 
allows these control 


inputs to be connected 
together 
externally 
such that a single 


transmit/receive 
function 
is derived. 


15 
B/E 


Am2926 


"2 
11 


A7E 


"3 
'4 


10 
13 


LOGIC DIAGRAMS 


Am2926 
Am2929 


Inverting Output (3-State) 
Non-Inverting 
Output (3-State) 


"0 
0, 
O2 
03 
00 
0, 
O2 
°3 


(4( 
171 
(9( 
(12) 
(4' 
171 
(9( 
(12) 


(15) 
t151 


B/E 
B/E 


(3) no 
(3) 


·0 
(6) 
n, 


(6) ., 


(lo) 
n2 


(10) 


·2 


(13.1 


·3 


(13) 
·3 


"IE 


(1) 


1141 
I (14) 


"0 
", 
"2 
"3 
"0 
", 
"2 
"3 
BLl-oeo 


CONNECTION DIAGRAM 
Top View 


Vcc 
B/E 
"3 
·3 
°3 
"2 
·2 
°2 


Am2926 
• Am2929 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Volt'lge to Ground 
Potential 
(pin 16 to Pin 8) Continuous 


DC Voltage Applied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 
(Receiver) 


DC Output 
Current, 
Into Outputs 
(BUS) 


DC Input Current 


-65°C 
to +150~C 


_55°C 
to +125°C 


-O.5V 
to +7V 


-O.5V 
to +Vcc 
max. 


-O.5V 
to +5.5V 


30mA 


80mA 


-30mA 
to +5.0mA 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
The Following 
Conditions 
Apply 
Unless Otherwise 
Noted: 


Am2926PC. 
DC, XC 
Am2929PC, 
DC, XC 
TA::: aOe to +7SoC(COM'U 


Am2929DM, 
XM 
Am2926DM, 
XM 
T A = -5SoC 
to 
+12SoC(MI 
L) 


Parameters 
Driver 


Typ. 


(Note 
2) 


IlL 
Low Level Input Current 
V,N=O.4V 
-200 
IlA 


IlL 
Low 
Level Input 
Current 
IDisabled) 
VIN 
= 0.4V 
-25 
IlA 


IIH 
High Level Input 
Current(DIN, 
DEI 
VIN 
= VCCMAX. 
25 
IlA 


VOL 
Low Lev~1Output 
Voltage 
lOUT 
= 48mA 
(Note 
5) 
0.5 
Volts 


VOH 
High Level Output 
Voltage 
'Out 
= -lOmA, 
VCC = VCCMIN.INote 
61 
2.4 
Volts 


10S 
Short Circuit Output 
Current 
VOUT 
= OV, VCC = VCCMAX.INote 
4) 
-50 
-150 
mA 


IlL 
Low 
Level Input Current 
V,N 
=O.4V 
-200 
IlA 


IIH 
High Level Input 
Current 
IRE) 
VIN 
= VCCMAX. 
25 
IlA 


VOL 
Low 
Level Output 
Voltage 
lOUT 
= 20 mA (Note 
5) 
0.5 
Volts 


lOUT 
= -1001lA, 
VCC = 5.0V 
3.5 


VOH 
High Level Output 
Voltage 
Volts 


lOUT 
= -2.0mA 
INote 
6) 
2.4 


10S 
Short Circuit Output 
Current 
VOUT 
= OV, VCC = VCCMAX. 
-30 
-75 
mA 


VTL 
Low 
Level Input 
Threshold 
Voltage 
0.85 
Volts 


VTH 
High Level Input 
Threshold 
Voltage 
2.0 
Volts 


10 
Low Level Output 
Off Leakage Current 
VOUT 
= 0.5V 
-100 
IlA 


High Level Output 
Off 
Lea kage Current 
VOUT 
= 2.4 V 
100 
IlA 


VI 
Input 
Clamp 
Voltage 
IIN 
= -12mA 
-1.0 
Volts 


PwRI 
I Am2926 
VCC = VCCMAX. 
457/87 


Power/Current 
Consumption 
I Am2929 
mW/mA 
ICC 
Vcc 
= VCCMAX. 
578/110 


Switching Characteristics 
(TA = +25°C, vcc = 5.0V) 


Parameters 
Description 
Test Conditions 
Am2926 
Min. 
Typ. 
Max. 
Am2929 
Min. 
Typ. 
Max. 


tPLH 
10 
14 
13 
17 
Driver 
Input to Bus 
Figure 
1 
ns 
tpHL 
10 
14 
13 
17 


tpLH 
9.0 
14 
12 
17 
Bus to Receiver 
Output 
Figure 2 
ns 
tpHL 
6.0 
14 
9.0 
17 


tZL 
19 
25 
21 
28 
Driver 
Enable to Bus 
Figure 3 
ns 
tLZ 
15 
20 
18 
23 


tZL 
Receiver 
Enable to 
15 
20 
18 
23 
Receiver Output 
Figure 4 
ns 


tLZ 
10 
15 
13 
18 


Notes: 
1. 
For 
conditIOns 
shown 
as MIN. 
or 
MAX., 
use the 
appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for 
the 
applicable 
device 
type. 


2. 
TYPical! 
limits 
are at VCC = 5.0V, 
25°C 
ambient 
and 
maximum 
loading. 


3. 
Actual 
Input 
currents 
= Unit 
Load 
Current 
x Input 
Load 
Factor 
(See Loading 
Rules). 


4. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of 
the short 
circuit 
test 
should 
not 
exceed 
one second. 


5. 
Output 
sink 
current 
is supplied,through 
a resistor 
to 
VCC' 


6. 
Measurements 
apply 
to 
ea'ch output 
and 
the associated 
data 
input 
independently. 


00.01.02.03 
The four driver 
inputs. 
BO. B1. B2. B3 The four 
driver 
outputs 
and receiver 
inputs 


(data is jnvprted). 


RO, R1, R2, R3 
The four 
receiver 
outputs. 
Data from the 
bus 
is inverted 
while 
data 
from 
the 
driver 
inputs 
is non- 
inverted 
B/E 
Bus enable 
input. 
When the bus enable input is LOW, 
the four driver outputs 
are in the high-impedance 
state. 


R/E 
Receiver enable input. 
When the receiver enable 
input 
is HIGH. the four receiver outputs 
are in the high-impedance 
state. 


I 
INPUTS 
Am2926 
Am2929 
OUTPUT 
OUTPUT 


B/E 
°i 
Bj 
Bi 


L 
X 
Z 
Z 


H 
L 
H 
L 


H 
H 
L 
H 


L = LOW 
H = HIGH 
i=O,l.2,or3 


x = Don't Care 
Z = High Impedance 


Am2926 
• Am2929 


LOADING 
RULES (In Unit Loads) 


lOW 
Fan-out 


Input 
Output 
Output 


Input/Output 
Pin No.'s 
Unit load 
HIGH 
lOW 


R/E 
1 
1/8 


RO 
2 
50 
10 


BO 
3 
1/16 
250 
25 


DO 
4 
1/8 


Rl 
5 
50 
10 


B1 
6 
1/16 
250 
25 


01 
7 
1/8 


GNO 
8 


02 
9 
1/8 
B2 
10 
1/16 
250 
25 


R2 
11 
50 
10 


03 
12 
1/8 


B3 
13 
1/16 
250 
25 


R3 
14 
50 
10 


B/E 
15 
1/8 


VCC 
16 


A TTL Unit Load is defined as -1.6mA 
measured at O.4V LOW 
and 40"A measured at 2.4V HIGH. 


INPUTS 
Am2926 
Am2929 


OUTPUT 
OUTPUT 


R/E 
Bj 
Ri 
Rj 


H 
X 
Z 
Z 


L 
L 
H 
L 


L 
H 
L 
H 


L = LOW 
H = HIGH 
i = 0, 1,2, or 3 


x = Don't Care 
Z ~ High Impedance 


I 
I[I] 


I 
Fil 


INPUT~ 


'PHL='-j f- ~ 
1.= 'PLH 


OUTPUT~ 


INPUT PULSE: 


tr• 
If - 
50S 
(lO%to 
90':4) 


freq· 
lOMHz (~duty 
cydel 


Amplitude" 
2.6V 


VCC·5.OV 


BO 


./E 
.,.. 


1m" 
B2 
°0 
OJ 


0, 
RO 


Oz 
R, 


OJ 
RZ 


RJ 


INPUT PULSE: 
tr- 
tf - 50S (10% 
to 90%) 
freq· 
lOMHz 
(50% 
duty 
cycle) 


Amplitude 
'" 2.6V 


2.6V 
Vee 


Bo 


./E 
B, 


R'iE 
., 


DO 
liJ 
0, 
RO 


Oz 
R, 


OJ 
RZ 


RJ 


INPUT~ 


'ZL='-j r- ~ t:'LZ 


OUTPUT 
~1.5V 
!~ 
~''''' 


INPUT 
PULSE: 


tr'" 
If· 
505(10':11. to90'lr.1 


treq 
• 
SMHz 
ISO'll. dulY 
cycle) 


AmplItude'" 
2.6V 


INPUT~ 


'LZ='..j t: ~ r-TZL 


OUTPUT~ 


INPUT PULSE 


Ir - 
If· 
50S (l0'Jl0 
to 90%1 
freq - 
5MHz 
15m. duty 
cycle) 
Amplitude'" 
2.6V 


DO •• ., 


·2 
·3 
"0 
DO 
·0 ., 


·2 
·3 
"0 


DATAI 
0, 
", 
IDATA 
DATAI 
0, 
", IDATA 
IN 
Am2926 


"2 
OUT 
IN 
Am2926 
"2 
OUT 
O2 
O2 


03 
"3 
03 
"3 


Am2926 
Am2929 
Package Type 
Operating 
Range 
Screening 
Level 


Order Number 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2929PC 
AM2929PC 
P-16-1 
C 
C-1 


AM2929DC 
AM2929DC 
D-16-1 
C 
C-1 


AM2929DC-B 
AM2929DC-B 
D-16-1 
C 
B-1 


AM2926DM 
D-16-1 
M 
C-3 


AM2926DM-B 
D-16-1 
M 
B-3 


AM2926XC 
AM2929XC 
Dice 
C 
} Visual inspection 


AM2926XM 
Dice 
M 
.to MIL-STD-883 
Method 2010 B. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 


contains several dash numbers, any of the variations 
of the package may be used unless otherwise 
specified. 


2. C = 0 to 7r:Y'C, VCC = 4.75V to 5.25V, M = -55 
to + 125°C, VCC = 4.50V to 5.50V. 
3. See Appendix A for details of screening. 
Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms 
to MIL-STD-883, 
Class B. 


Metallization 
and Pad Layouts 


Am2926 
Am2929 
,. 
Vcc 
,. 
Vcc 


RlE 
'S 
8/E 
M 
's 
8/E 


"0 
14 
"3 
"0 
2 
,. 


"3 


80 
'3 
83 
·0 
3 
13 
1r3 


DO 
'2 
03 
DO • 
12 
03 


", 


11 
", 
", 


11 
"2 


8, 
'0 
8, 
B, 
'0 
82 


0, 
0, 
0, 
O2 


GNp 
GND 
8 


DI E SIZE 0.058" 
X 0.09'" 
DI E SIZE 0.058" 
X 0.09'" 


2-243 


Am2927 • Am2928 
Quad Three-State 
Bus Transceivers 
With Clock Enable 


• 
Quad high-speed LSI bus-transceivers 
• 
Three-state bus driver and receiver outputs 
• 
D-type register on drivers 


• 
Latch output on Am2927 


• 
Registered output on Am2928 


• 
Output data to input wrap around gating 


• 
Input register to output transfer gating with or without 
driving data bus 


DISTINCTIVE CHARACTERISTICS 


• 
Clock enabled registers 
• 
Bus driver outputs can sink 48mA at 0.5V max. 


• 
Three-state receiver outputs sink 20mA at 0.5V max. 
• 
3.5V minimum VOH for direct interface to MaS 
microprocessors 
• 
Advanced low-power Schottky processing 


• 
100% reliability assurance testing in compliance with 
MIL-STD-883 


The Am2927 
and Am2928 
are high-performance, 
low-power 


Schottky, quad bus transceivers 
intended for use in bipolar or 


MaS microprocessor system applications. 


Both devices feature register enable lines which function as 
clock enables without introducing gate delay in the clock inputs. 
The four transceivers share common enables, clock, select and 
three-state control lines. 


The Am2927 consists of four D-type edge-triggered 
flip-flops. 
Each flip-flop output is connected to a three-state data bus driver 
and separately to the input of a corresponding 
receiver latch 


input. The receiver latch can select input from the driver or.the 
data bus. The select line determines the source of input data for 
the bus driver choosing between input data or data recirculated 
from the receiver output. The receiver output also has a three- 
state output buffer. 


The combination of the select input, S, the driver input enable, 
ENDR, and the receiver latch enable, RLE, provide seven differ- 


ent data path operating 
modes not available in other trans- 
ceivers. For example, transmitted data can be stored in the re- 
ceiver for subsequent retransmission. Also, received data can be 
output to the system and simultaneously fed back to the driver 
input. 


The Am2928 is similar to the Am2927, but with aD-type 
edge- 
triggered register in the receiver and a receiver enable, ENREC, 
which functions as a common clock enable. 


Data from each D input is inverted at the bus output. Likewise, 
data at the bus input is inverted at the receiver output. 


All three-state 
controls and enable lines are active low (the 


Am2927 receiver latch is transparent when RLE is LOW). The 
select input, S, determines whether the enabled driver input 
accepts data from the data input, D, or from the corresponding 
receiver output, Y. Similarly, the select line determines whether 
the receiver accepts input data from the data bus, or the driver 
output. 


DATA 
INPUT 
o 
o 
Q 


EN 


CP 


ALE 
RECEIVER 


LATCH 
ENABLE 


DE 


OUTPUT 
ENABLE 


ENOR 


DRIVER 
ENABLE 


CP 
BE 
CLOCK 
BUS 


INPUT 
ENABLE 


EN DR 
DRIVER 
ENABLE 


DE 
OUTPUT 
ENABLE 


BE 


BUS 
ENABLE 


ENREC 
CP 


RECEIVER 
CLOCK 


ENABLE 
INPUT 


CONNECTION DIAGRAM 


Top View 


S 
ENDR 


SELECT 
DRIVER 
ENABLE 


SENOR 
SELECT 
DRIVER 
ENABLE 


CP 


CLOCK 
INPUT 


CP 
CLOCK 
INPUT 


OE 


OUTPUT 
ENABLE 


Be 


BUS 
ENABLE 


ENREC 
RECEIVER 
ENABLE 


MAXIMUM 
RATINGS 
(Above which the useful 
life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage Applied to Outputs 
for HIGH Output 
State 


I 
DC Input Voltaqe 


DC Output 
Curr~nt, 
Into Outputs 
(Except 
BUS) 


DC Output 
Current, 
Into Bus 


DC Input Current 


De 


OUTPUT 
ENABLE 


-65 
to +150°C 


-55 
to +125°C 


-0.5 
to +7V 


-0.5 
V to +VCC max. 


-0.5 
to +5.5V 


30mA 


100mA 


-30 
to +5.0mA 


Am2927 
• Am2928 


ELECTRICAL 
CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Specified: 


COM'L 


MIL 


TA = O'C to +70'C 
Vee = 5.0V ±5% 


TA = -55'C 
to +125'C 
Vee = 5.0V ±10% 


(MIN. = 4.75V 
MAX. = 5.25V) 


(MIN. = 4.50V 
MAX. = 5.50V) 


Parameters 
Description 
Test Conditions (Note 1) 


VOL 
Bus Output LOW Voltage 
Vee = MIN. 
IOL = 24mA 


10L = 48mA 


VOH 
Bus Output HIGH Voltage 
Vee = MIN. 
COM'L, 
10H = -20mA 


MIL, 10H = -15mA 


VIH 
Receiver Input HIGH Threshold 
Bus Enable = 2.4V 


V1L 
Receiver Input LOW Threshold 
Bus Enable = 2.4V 


10FF 
Bus Leakage Current (Power Off) 
Vee = OV, Vo = 4.5V 


Bus Leakage Current 


Vo = O.4V 


10 
Vee = MAX 
Vo = 2.4V 
(HIGH Impedance) 
Bus Enable = 2.4V 
Vo = 4.5V 


Ise 
Bus Output Short Circuit Current 
Vee = MAX, Vo = OV 


CB 
Bus Capacitance 
(Note 4) 
Vee = OV 


Typ 


Min 
(Note 2) 
Max 
Units 


0.4 


Volts 
0.5 


2.4 
Volts 
2.4 


2.0 
Volts 


0.8 
Volts 


100 
!-LA 


-200 


50 
!-LA 


100 


-255 
mA 


pF 


1. For conditions 
shown as MIN. or MAX., use the appropriate 
valu 


2. Typical limits are at Vee = 5.0V, 25'C ambient and maximu 
3. Not more than one output should be shorted at a time 
ati 
f 


4. This parameter 
is typical of device characterizati 
ala 
is n 
t 


COM'L 


MIL 


(MIN. = 4.75V 
MAX. = 5.25V) 


(MIN. = 4.50V 
MAX. = 5.50V) 


Typ 


Min 
(Note 2) 
Max 


Vee = MIN. 
MIL, 10H = -2.0mA 
2.4 
3.4 


VOH 
Receiver Output HIGH Voltage 
VIN ~ VIH or VIL 
COM'L, 10H = -6.5mA 
2.4 
3.4 
Volts 


Vee = 5.0V 
10H - 
-100!-LA 
3.5 


VOL 
Output LOW Voltage (Except Bus) 
Vee = MIN 
10L = 20mA 
0.5 
Volts 
V1N ~ VIL or VIH 


VIH 
Input HIGH Level (Except Bus) 
Guaranteed 
input logical 
2.0 
Volts 
HIGH voltage for all inputs 


Guaranteed 
input logical 
MIL 
0.8 
VIL 
Input LOW Level 
LOW voltage for all inputs 
Volts 
COM'L 
0.8 


VI 
Input Clamp Voltage 
Vee = MIN., IIN = -18mA 
-1.2 
Volts 


IlL 
Input LOW Current (Except Bus) 
Vee = MAX., V1N = 0.5V 
-2.0 
mA 


S, ENDR 
100 
IIH 
Input HIGH Current (Except Bus) 
Vee = MAX., VIN = 2.7V 


All other inputs 
50 
!-LA 


II 
Input HIGH Current (Except Bus) 
S,ENDR 
2.0 


Vee = MAX., V1N = 7.0V 
mA 
All other inputs 
1.0 


Off-State Output Current 
Vo = 2.4V 
50 
10 
(Receiver Output) 
Vee = MAX. 
Vo = 0.5V 
-50 
!-LA 


Ise 


Output Short Circuit Current 
Vee = MAX. 
Receiver 
-40 
-100 
mA 
(Except Bus) 


Ice 
Power Supply Current 
Vee = MAX. 
mA 


Am2927 
SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 


13 
o 
<C"ro... 
I 
~~ 'J 
ns 


"'" 
:\ 
~ 
( , 


ts 
BUS to Latch Enable, RLE 
f"'\ 
f\. "10 
\ 
("'" ,!\ ,-'" 


th 
_ 
~ 
" 
l .~ 
ns 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value speCifieq~ 
~~~~a:~e: 
istfs fof'\nEt applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25'C ambient and maximum loa~ 
'~~~' 
~ 


Am29:aNot 
more than one output should be shorted at a ti~ 
Durati, 
\ 
\ ~'\lCj\ \ ~ 
Id no e ceed one second. 


SWITCHING 
CHARACTERISTICS 


th 


Notes: 1. For conditions shown an MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25'C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Parameters 


tplH 


tpHl 


tZH • tZl 


tHZ' 
tlZ 


tpw 


tplH 


tpHl 


tplH 


tPHl 


tZH • IZl 


tHZ • tLZ 


ts 


th 


ts 


th 


Parameters 


tplH 


tpHl 


tZH' 
tlL 


tHZ' 
tLZ 


tplH 


tPHl 


tpw 


tZH • tZl 


tHZ' 
tLZ 


ts 


th 


Am2927XM 
Am2927XC 


Min 
Typ 
Max 
Min 
Typ 
Max 
Units 


18 
ns 
18 


14 
ns 
12 


10 
ns 


16 
fa 


ns 
16 


18 
ns 
18 


16 
ns 
14 


8 
ns 
2 


10 
ns 
0 


Cl (BUS) = 50pF 
Rl (BUS) = 130fl 


Cl = 15pF, Rl = 2.0kfl 


Cl = 5pF, Rl = 2.0kfl 


Am2928XM 


Min 
Typ 
Max 


Am2928XC 


Min 
Typ 
Max 
Units 


18 


18 


14 


12 


18 


18 


10 


16 


14 


8 


2 


7 


2 


8 


2 


10 


0 


7 


2 


Cl (BUS) = 50pF 
Rl (BUS) = 130fl 


Cl = 15pF, Rl = 2.0kfl 


Cl = 5pF, Rl = 2.0kfl 


""OCK 
t"'ulselO.lnternal registers enters data on the 


LOW-to-HIGH transition. 


Bus Enable. When Bus Enable is LOW the four 
drivers drive the BUS outputs. 


BUSo. BUS1, 
The four driver outputs and receiver inputs. 


BUS2• BUS3 


Output Enable. When Output Enable is LOW the 
four receiver outputs Yare 
active. 


Driver Enable. Common clock enable for the input 
register. Allows the data on the D inputs to be 
loaded into the driver register on the clock LOW- 
to-HIGH transition. 


Receiver Latch Enable (Am2927 only). When Re- 
ceiver Latch Enable is LOW, the four receiver 
latches are transparent. The latches hold received 
data when RLE is HIGH. 


Receiver Enable (Am2928 only). Common clock 
enable for the receiver register. Allows the BUS 
driver or previous receiver data to enter the re- 
ceiver register on the rising edge of the clock. 


The four driver data inputs inverting from D to 
BUS. 


The four receiver data outputs inverting from BUS 
to Y. 


Select input controls data path modes in conjunc- 
tion with ENDR and RLE (or ENREC). 


Driver Register Control 
Receiver Latch Control 


ENDR 
5 
RLE 
Driver Register 
ENDR 
S 
RLE 
Receiver Output 


H 
X 
X 
Hold PreviousData 
X 
X 
H 
Data Latched 


L 
L 
X 
Loadfrom D Input 
H 
H 
L 
DriverRegisterOutput at Y Output 


L 
H 
L 
Loadfrom BUS 
(LatchTransparent) 


L 
H 
H 
Load LatchedReceiverData 
X 
L 
L 
Bus Data at Y Output 


L 
X 
L 
(LatchTransparent) 


ENDR 


H 


L 


L 


Driver Register Control 


Driver Register 


Hold PreviousData 


Loadfrom D Input 


Loadfrom ReceiverRegister 


Receiver Register Control 


ENDR 
5 
ENREC 
Receiver Output 


X 
X 
H 
Hold PreviousData 


H 
H 
L 
Load from DriverRegister 


X 
L 
L 
Loadfrom BUS 
L 
X 
L 


The 
Am2927 
and 
Am2928 
can 
be llsed 
to provide 
Data 
Bus, 
Address 
Bus 
and 
Control 
Bus 
Interface 
in a 


high-speed 
bipolar 
microprocessor 
system. 
BLI·093 


Am2927 AND Am2928 FUNCTION TABLE 


Control Input Condition 


Driver Input 
Receiver 
Input 
ENDR 
BE 
From 
From 
S 
* 
Signal Flow 


BUS 
BUS 
L 
L 
L 
-@]L@- 
H 
0 
Input 
(No Load) 
L 
L 
H 
-[Q)-l@- 
L 


BUS 
H 
L 
L 
r@J4IDr 
H 


Receiver 


~®r 
(No Load) 
H 
L 
H 
L 


BUS 
L 
H 
L 
@]L§- 
H 


(No Load) 
Driver 
H 
H 
L 
~ 


X 


(No Load) 
X 
H 
H 
~@- 
L 


*RLE for Am2927 (asynchronous) 
or ENREC for Am2928 ( S). 


Am2930 


DISTINCTIVE 
CHARACTERISTICS 


• 
Powerful, 
4-bit 
slice address controller 
for memories 
Useful 
with 
both 
main memory 
and microprogram 
memory 


Expandable 
to generate any address length 


• 
Executes 
32 instructions 
Automatic 
generation 
of 
address 
and update 
of 
program 


counter 
for 
fetch 
cycles, 
branch 
cycles, and subroutine 
call 


and return 


• 
Contains 
cascadable full 
adder 
Twelve 
different 
relative 
address instructions 
are provided; 
including 
jump-to-subroutine 
relative 
and return-from-sub- 
routine 
relative 


• 
Built-in 
condition 
code input 
Sixteen 
instructions 
are dependent 
on external 
condition 


control 
. 


• 
Seventeen-level 
push/pop 
stack 
On-ehip 
storage 
of subroutine 
return 
addresses nested up to 
17 levels deep 


• 
Separate incrementer 
for 
program 
counter 


A relative 
address may 
be computed 
and PC may 
be incre- 


mented 
by one on a single cycle 


GENERAL 
DESCRIPTION 


The Am2930 
is a four-bit 
wide Program 
Control 
Unit 
intended 


to 
perform 
machine 
level 
addressing 
functions, 
although 
the 


device 
can 
also be used as a microprogram 
sequencer. 
Four 


Am2930's 
may be interconnected 
to 
generate a 16-bit 
address 


(64K 
words). 
The Am2930 
contains 
a program 
counter, 
a sub- 


routine 
stack, 
an auxiliary 
register, 
and a full 
adder for 
com- 


puting 
relative 
addresses. 


The 
Am2930 
performs 
five 
types 
of 
instructions. 
These are: 


1) Unconditional 
Fetch; 
2) Conditional 
Jump; 
3) Conditional 


Jump-to-Subroutine; 
4) 
Conditional 
Return-from-Subroutine; 


and 5) miscellaneous 
instructions. 


There 
are four 
sources of data for 
the adder which 
generates 


the 
Address 
outputs 
(YO-Y3). 
These 
are: 
1) 
the 
Program 


Counter 
(PC); 
2) the 
Stack 
(S); 3) the 
auxiliary 
Register(R); 
and 4) the 
Direct 
inputs 
(D). Under control 
of the Instruction 


inputs 
(10-14), the multiplexers 
at the adder 
inputs 
allow 
var- 
ious combinations 
of these terms 
to be generated 
at the three- 
state Y address outputs. 
The instruction 
lines also control 
the 


updating 
of the 
program 
counter 
and the auxiliary 
register. 
A 
condition 
code input 
is provided 
for 
conditional 
instructions. 


° 
RE 
FULL 
EMPTY 


4 


STACK 
MULTIPLEXER 


(S) 


STACK 
Do 
OJ 


POINTER 
A 


(SP) 
17 X 4 
REGISTER 


STACK 
(S) 


RCE" 
RSP 
(LIFO) 


"0" 
"0" 


PROGRAM 
COUNTER 
REGISTER 


(PC) 


CEN" 
RST" 


OEN" 
INC" 
RSEL" 


RCE" 


FJ 


The Am2930 
is a b.polar Program Control 
Unit intended 
for use 
in high-speed 
microprocessor 
applications. 
The device is a cas- 


cadable, 
four-bit 
slice such that three 
devices allow addressing 
of up to 4K words of memory 
and four devices allow addressing 
of up to 64K words of memory. 


As sh0"'j'n in the 
Block 
Diagram, 
the 
device 
consists 
of the 
following: 
1) A full adder with input multiplexers 
2) A Program 
Counter 
Register with an incrementer 
and an 


inpyt multiplexer 
3) A 17 x 4 Last-In, 
First-Out 
(LIFO) 
stack consisting 
of an 


input 
multiplexer, 
a 17 x 4 RAM, and a Stack 
Pointer 


4) An auxiliary 
register with an input multiplexer 


5) An instruction 
decoder 


6) Four 3-state output 
buffers on the address outputs 


The following 
paragraphs 
describe each of these blocks in detail. 


Full Adder 


The 
Full Adder 
is a binary 
device 
with 
full lookahead 
carry 
logic for high-speed 
addition 
and provision 
is made for further 
lookahead 
by 
including 
both 
carry 
propagate 
(p) and carry 
generate 
(G) 
outputs. 
In slower 
systems, 
the 
carry 
output 
(Cn+4) 
can 
be connected 
to the 
next 
higher 
Cn to provide 
ripple 
block 
arithmetic. 
The carry 
input to the adder 
(Cn) is 
internally 
inhibited 
during 
those 
instructions 
which do not re- 
quire an addition 
to be performed. 
For these instructions, 
the 
data 
is passed directly 
through 
the adder, 
independent 
of the 
state of Cn. 


The multiplexers 
at the A and B inputs 
of the adder 
are con- 
trolled by the Instruction 
decoder which selects the appropriate 
adder inputs for the selected 
instruction. 


Program 
Counter 


The 
program 
counter 
consists 
of a register 
preceeded 
by an 


incrementer. 
The Program 
Counter 
Register 
(PC) is a four-bit, 
edge-triggered, 
D-type 
register 
which 
is loaded 
from the incre- 
menter 
output 
on the 
LOW-to-HIGH 
transition 
of the clock 
input 
(CP) at the end of every instruction. 


The 
incrementer 
utilizes 
full lookahead 
logic for high speed. 


For 
cascading 
devices, 
the 
carry 
output 
of the 
incrementer 


(Ci+4) is connected 
to the incrementer 
carry input 
(Ci) of the 
next 
higher 
device. 
The output 
of the 
incrementer, 
which 
is 
loaded 
into the PC, is equal to the incrementer 
input 
plus Ci. 


Therefore, 
it is possible 
to control 
the entire 
cascaded 
incre- 
menter 
from the Ci input of the least significant 
device; a LOW 
on the Ci input 
of the least significant 
device will simply pass 
the 
data 
from 
the 
multiplexer 
output 
to the inputs 
of PC; a 
HIGH will cause the 
outputs 
of the 
multiplexer 
to be incre- 
mented 
before 
they 
are loaded 
into PC. During three 
instruc- 
tions 
(unconditional 
Hold and conditional 
Hold and Suspend 
when the CC input is LOW). the Ci input is internally 
inhibited; 
therefore, 
data 
is passed from the multiplexer 
output 
to the PC 


without 
incrementing. 
The multiplexer 
selects the input to the 
incrementer 
from 
either 
PC or the output 
of the 
Full Adder, 
depending 
upon 
the 
instruction 
being executed. 
During 
the 
Jump, 
Jump-to-Subroutine, 
and Return instructions, 
the multi- 
plexer 
chooses 
the 
Full Adder 
outputs 
as the input 
to the in- 
crementer 
if the 
CC input 
is LOW. The Full Adder output 
is 
also selected 
for the 
Reset 
instructic.n. 
For all other 
instruc- 
tions, the PC is selected 
as the input to the incrementer. 


17 x 4 LIFO Stack 


The 17 x 4 LIFO stack consists 
of a multiplexer, 
a 17 x 4 RAM, 


and a Stack 
Pointer (SP) which 
address 
the words 
in the RAM. 


The SP always points 
to the last word written 
into the 
RAM 


(Top of the Stack). 
The Top of the Stack (S) is available at the 
output 
of the RAM. 


Data is pushed 
onto the Top of the Stack from either 
D or PC. 


It is written 
into memory 
location 
SP+1. The SP is incremented 
on the 
LOW-to-H IGH clock transition 
at the end of the cycle 
so that 
it still points 
to the 
last data 
written 
into the 
RAM. 


For a Pop operation, 
the contents 
of the RAM are not changed, 


but the 
SP is decremented 
at the end of the cycle so that 
it 


then points to the new Top of the Stack. 


The 
SP is an 
up/down 
counter 
which 
changes 
state 
on the 


LOW-to-H IGH transition 
of the 
Clock 
input. 
It is internally 


prevented 
from 
incrementing 
when the stack 
is full and from 


decrementing 
when the Stack is empty. 
When the Stack is full, 


the RAM write circuitry 
is also inhibited. 


The active 
LOW Empty 
output 
(EMPTY) 
is LOW when 
the 
stack 
is empty 
(after 
the 
Reset instruction 
and after the last 
word 
has been 
Popped 
from the stack\; 
th"e active 
LOW Full 
output 
(FU LL) is LOW either 
when the stack 
is full or when 
the current 
instruction 
being executed 
will fill the stack (during 
and after the 17th Push). 


Auxiliary 
Register 
(R) 


The Auxiliary 
Register (R) can be loaded from either the Direct 


inputs 
(D) or the output 
of the Full Adder. 
It is loaded on the 


LOW-to-H IGH transition 
of the clock 
input 
(CP) if the Regis- 


ter Enable 
input 
(RE) is LOW or if the Instruction 
inputs call 


for it to be loaded. 
When RE is LOW, R is loaded from the D 


inputs 
unless the 
Instruction 
dictates 
that 
R be loaded 
from 


the output 
of the Full Adder. 


Instruction 
Decoder 


The 
Instruction 
Decoder 
generates 
the 
signals 
necessary 
to 
establish 
the 
data 
paths 
and to enable 
the loading 
of the PC, 


R, SP, and RAM. 


For unconditional 
instructions, 
the 
CC input 
is not utilized; 


it may be either 
HIGH or LOW. For conditional 
instructions, 


if CC is LOW, the condition 
is met and the conditional 
oper- 
ation 
is performed; 
if CC is HIGH, a Fetch 
PC is performed. 


Output 
Buffers 


The 
Address 
outputs 
(YO-Y3) 
are 
three-state 
drivers 
which 


may be disabled 
either 
under 
Instruction 
control 
or by a HIGH 
on the Output 
Enable input (OE). Disabling the Y outputs 
does 


not 
affect 
the 
execution 
of instructions 
inside 
the Am2930. 


Instruction 
Enable 


When HIGH, the Instruction 
Enable input 
(IEN) forces PC and 


SP into the hold mode and disables 
the write circuitry 
to the 


RAM. The auxiliary 
register 
(R) is under control 
of the RE in- 


put when 
IEN is HIGH, independent 
of the state ofthe 
Instruc- 


tio'n inputs. 
The iEN input does not affect 
the combinatorial 


data 
paths 
or Y outputs 
in the Am2930. 
The data 
paths 
are 
selected 
by the 
Instruction 
and CC inputs and are not affected 
by iEN. 


Am2930 
INSTRUCTION 
SET 


The Am29;30 
Instruction 
set can be divided 
into five types of 


instructions. 
These are: 


• 
UncondItional 
Fetches 
• 
Conditional 
Jumps 
• 
Conditional 
Jumps-to-Subroutine 
• 
Conditional 
Returns-from-Subroutine 
• 
Miscellareous 
Instructions 
The following 
paragraphs 
describe each of these types in detail. 


Unconditional 
Fetches 


As can 
be seen 
from 
Table 
1, there 
are nine 
unconditional 


Fetch 
instructions 
(Instructions 
1-9). 
Under 
control 
of 
the 
Instruction 
inputs, 
the desired 
function 
is placed at the Yout- 
puts. 
For all Fetch 
instructions, 
PC is incremented 
if Ci of the 
least significant 
device 
is HIGH. For 
Instructions 
1 through 
7, 
the 
auxiliary 
register 
is under 
control 
of the 
R E input. 
For 


Instructions 
8 and 9, R is loaded with 
PC and R + D, respec- 


tively. 
The 
RAM and Stack 
Pointer 
are not changed 
during 
a 
Fetch instruction. 


Conditiona 
Jumps 


There 
are six conditional 
Jump 
instructions 
(Instructions 
16 


through 
21). Under control 
of the 
Instruction 
inputs, 
the de- 
sired 
function 
is placed 
at the 
Y outputs_ 
Additionally, 
the 
desired 
function 
is incremented 
if Ci of the 
least significant 


device is HIGH and loaded 
into PC. During these instructions, 
R is contrqlled 
by R E. The 
RAM and Stack 
Pointer 
are not 


changed 
during 
these 
instructions. 
The above 
operations 
are 
performed 
if the CC input 
is LOW; if CC is HIGH, a Fetch PC 
operation 
is performed. 


Conditional 
Jumps-to-Subroutine 


There 
are ISiX conditional 
Jump-to-Subroutine 
instructions 
(Instructio 
s 22 through 
27). Under control 
of the Instruction 
inputs, 
the 
desired 
function 
is placed 
on the 
Y outputs. 
On 


the 
rising 
edge 
of the 
clock 
the 
data 
on the 
Y outputs 
is 
incremented 
and loaded 
into PC, PC is loaded into the RAM at 
location 
SP+1 ; and SP is incremented. 


As with Conditional 
Jump 
Instructions, 
R is controlled 
by R E 


and whether 
the Jump-to-Subroutine 
or Fetch PC is performed 
depends 
upon the state of the CC input. 


Conditional 
Returns-from-Subroutine 


There are two conditional 
Return-from-Subroutine 
instructions 
(Instructions 
28 and 29). 
Under control 
of the instruction 
in- 


puts, either 
S or S+D is placed at the Y outputs. 
Additionally, 


the 
selected 
function 
is incremented 
and loaded 
into PC and 
SP is decremented 
at the end of the cycle 
(on the rising edge 
of the clock). 


As with the Condition 
Jump 
and Jump-to-Subroutine 
Instruc- 


tions, 
R is controlled 
by R E and whether 
the 
Return·from- 


Subroutine 
or Fetch 
PC is performed 
depends 
upon 
the state 


of the CC input. 


Miscellaneous 
Instructions 


Each 
of 
the 
nine 
miscellaneous 
instructions 
is 
described 


individually. 


Reset (Instruction 
0) 


The Reset instruction 
forces the Y outputs 
to zero, loads either 


zero or one into PC, depending 
upon 
the Ci input of the least 


significant 
device, 
and 
resets SP. The RAM is unchanged 
and 


R is controlled 
by RE. 


Load R (Instruction 
10) 


This instruction 
loads the data 
on the D inputs 
into 
R. PC is 
either 
incremented 
or held depending 
upon 
Ci of the least sig· 


nificant 
device. The SP and RAM are not changed. 


Push PC (Instruction 
11) 


This 
instruction 
is the 
same as Fetch 
PC except 
that 
PC is 


loaded 
into 
RAM and 
SP is incremented 
at the 
end of the 
cycle; i.e., the current 
PC is Pushed onto the stack. 


Push D (Instruction 
12) 
This instruction 
is the same as Fetch PC except 
that D is loaded 


into the 
RAM and SP is incremented 
at the end of the cycle; 
i.e., external 
data is Pushed onto the stack. 


Pop S (Instructiori 
13) 


This instruction 
places the Top of the Stack 
(S) at the Yout- 


puts 
and decrements 
SP at the 
end of the 
cycle. 
The 
PC is 


incremented 
if the 
Ci input 
of the 
least 
significant 
device 
is 


HIGH. R is controlled 
by RE. 


Pop PC (Instruction 
14) 


Th is instruction 
is the 
same as Fetch 
PC except 
SP is decre- 
mented 
at the end of the cycle, causing the data at the top of 


the stack to be lost. 


Hold (Instruction 
15) 


This instruction 
places 
PC at the Y outputs 
and inhibits 
any 
change in PC, SP, and RAM. R is controlled 
by RE. 


Conditional 
Hold (Instruction 
30) 


This instruction 
is the same as Hold except 
CC must be LOW. 


If CC is HIGH, the Fetch PC instruction 
is performed. 


Suspend 
(Instruction 
31) 


The Suspend 
instruction 
is the same as th 
Conditional 
Hold 
instruction 
except 
the 
Y outputs 
are 
forced 
into 
the 
high- 
impedance 
state if CC is LOW. 


Noxt Stoto tofter CPS 1INoto 31 


Mnemonic 
1nstruction 
R 


Number 
14 13 12 11 10 Cc 
IEN 
Instruction 
YO'Y3 
PC 
RE = L 
RE =H 
RAM 
SP 


X 
X 
X 
X 
X 
X 
H 
Instruction 
Note 1 
- 
0 
- 
- 
- 


Disable 


PRST 
0 
L 
L 
L 
L 
L 
X 
L 
RESET 
"0" 
"O"+Cj 
0 
- 
- 
Reset 
FPC 
1 
L 
L 
L 
L 
H 
X 
L 
FETCH PC 
PC 
PC+Cj 
0 
- 
- 
- 


FR 
2 
L 
L 
L 
H 
L 
X 
L 
FETCH R 
R 
PC+Cj 
0 
- 
- 
- 
FO 
3 
L 
L 
L 
H 
H 
X 
L 
FETCH 
0 
0 
PC+Cj 
0 
- 
- 
- 
FRO 
4 
L 
L 
H 
L 
L 
X 
L 
FETCH R+O 
R+O+Cn 
PC+Cj 
0 
- 
- 
- 
FPO 
5 
L 
L 
H 
L 
H 
X 
L 
FETCH PC+O 
PC+O+Cn 
PC+Cj 
0 
- 
- 
- 


FPR 
6 
L 
L 
H 
H 
L 
X 
L 
FETCH PC+Fj 
PC+R+Cn 
PC+Cj 
0 
- 
- 
- 


FSO 
7 
L 
L 
H 
H 
H 
X 
L 
FETCH S+O 
S+O+Cn 
PC+Cj 
0 
- 
- 
- 
FPLR 
8 
L 
H 
L 
L 
L 
X 
L 
FETCH PC - 
R 
PC 
PC+Ci 
PC 
PC 
- 
- 
FROR 
9 
L 
H 
L 
L 
H 
X 
L 
FETCH 
R+O- 
R 
R+D+Cn 
PC+C; 
R+D+Cn 
R+O+Cn 
- 
- 
PLOR 
10 
L 
H 
L 
H 
L 
X 
L 
LOAD 
R 
PC 
PC+Ci 
0 
0 
- 
- 
PSHP 
11 
L 
H 
L 
H 
H 
X 
L 
PUSH PC 
PC 
PC+Ci 
0 
- 
PC - 
Loe SP+1 
SP+1 
PSHO 
12 
L 
H 
H 
L 
L 
X 
L 
PUSH 0 
PC 
PC+Cj 
0 
- 
0 
-. Loc SP+l 
SP+1 
POPS 
13 
L 
H 
H 
L 
H 
X 
L 
POP S 
S 
PC+Ci 
0 
- 
- 
SP-1 
POPP 
14 
L 
H 
H 
H 
L 
X 
L 
POP PC 
PC 
PC+C; 
0 
- 
- 
SP-1 
PHLO 
15 
L 
H 
H 
H 
H 
X 
L 
HOLD 
PC 
- 
0 
- 
- 


16-31 
H 
X 
X 
X 
X 
H 
L 
FAIL 
CONO'L 
PC 
PC+Cj 
0 
- 
- 
- 


TEST (FETCH 
PCl 


JMPR 
16 
H 
L 
L 
L 
L 
L 
L 
JUMP R 
R 
R+Cj 
0 
- 
- 
- 
JMPO 
17 
H 
L 
L 
L 
H 
L 
L 
JUMP 0 
0 
D+Cj 
0 
- 
- 
- 


JMPZ 
18 
H 
L 
L 
H 
L 
L 
L 
JUMP "0" 
"0" 
"O"+Cj 
0 
- 
- 
- 


JPRO 
19 
H 
L 
L 
H 
H 
L 
L 
JUMP R+O 
R+D+Cn 
R+D+Cn+Cj 
0 
- 
- 
- 
JPPO 
20 
H 
L 
H 
L 
L 
L 
L 
JUMP PC+O 
PC+O+Cn 
PC+D+Cn+Cj 
0 
- 
- 
- 
JPPR 
21 
H 
L 
H 
L 
H 
L 
L 
JUMP PC+R 
PC+R+G" 
PC+R+Cn+Cj 
0 
- 
- 
- 


JS8R 
22 
H 
L 
H 
H 
L 
L 
L 
JS8 R 
R 
R+Cj 
0 
- 
PC -+ Loc SP+l 
SP+1 
JS80 
23 
H 
L 
H 
H 
H 
L 
L 
JS80 
0 
O+Cj 
0 
- 
PC -+ Loc SP+l 
SP+1 


JS8Z 
24 
H 
H 
L 
L 
L 
L 
L 
JS8 "0" 
"0" 
"O"+Cj 
0 
- 
PC -+ Loc SP+l 
SP+1 
JSRO 
25 
H 
H 
L 
L 
H 
L 
L 
JS8 R+O 
R+D+Cn 
R+D+Cn+q 
0 
- 
PC -+ Loc SP+l 
SP+1 
JSPO 
26 
H 
H 
L 
H 
L 
L 
L 
JS8 PC+O 
PC+D+Cr, 
PC+D+Cn+Cj 
0 
- 
PC -+ Loc SP+l 
SP+J 
JSPR 
27 
H 
H 
L 
H 
H 
L 
L 
JS8 PC+R 
PC+R+Cn 
PC+R+Cn+Cj 
0 
- 
PC -+ Loc SP+l 
SP+1 


RTS 
28 
H 
H 
H 
L 
L 
L 
L 
RETURN 
S 
S 
S+Cj 
0 
- 
- 
SP-1 
RTSO 
29 
H 
H 
H 
L 
H 
L 
L 
RETURN 
S+O 
S+D+Cn 
S+D+Cn+Cj 
0 
- 
- 
SP-1 


CHLO 
30 
H 
H 
H 
H 
L 
L 
L 
HOLD 
PC 
- 
0 
- 
- 
- 
PSUS 
31 
H 
H 
H 
H 
H 
L 
L 
SUSPEND 
Z (Not. 
21 
- 
0 
- 
- 
- 


Notes: 
1. When 
i"EN 
is HIGH. 
the 
YO-Y3 
outputs 
contain 
the 
same data 
as when 
IEN 
is LOW, 
as determined 
by 
10-14 
and ~. 


2. Z = High impedance 
state (outputs 
"OFF"). 


3. 
- 
= No change 


MAXIMUM 
RATINGS (Above whicn the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential 


DCVoltage Applied to Outputs for High Output State 


DC Input Voltage 


DC Output Current, Into Outputs 


DC Input Current 


-65 to +150°C 


-55 to +125°C 


-0.5 to +7.0V 


-0.5V to Vee max. 


-0.5 to +5.5V 


30mA 


-30 to +5.0mA 


Part Number 


Am2930PC, OC 


Am29300M, 
FM 


Temperature 


TA = 0 to 70°C 


Te = -55 
to +125°C 


VCC 


4.75V to 5.25V 


4.50V to 5.50V 


Typ 


Min 
(Note 2) 
Max 


Yo, Y1, Y2, Y3 


Vee 
= MIN., 
G, Cn-t'4' 
IOH = -1.6mA 
2.4 


VOH 
Output 
HIGH Voltage 
VIN = Vil 
or VIH 
Ci+4 
Volts 


P, FULL, 
IOH = -1.2mA 
2.4 
EMPTY 


IOL = 20mA 
0.5 


YO' Y1, Y2, Y3 
(COM'Ll 


IOl = 16mA (MIL) 
0.5 


VOL 
Output 
LOW Voltage 
Vee 
= MIN. 
G,Cn+4 
IOl = 16mA 
0.5 
Volts 
VIN = Vil 
or VIH 
CiH 


P, FULL, 
IOl = 12mA 
0.5 
EMPTY 


V1H 
Input 
HIGH Level (Note 4) 
2.0 
Volts 


Vil 
Input 
LOW Level (Note 4) 
0.8 
Volts 


VI 
Input 
Clamp Voltage 
Vee 
= MIN., IIN = -18mA 
-1.5 
Volts 


00-3 
-.360 


10-4, RE, lEN, 
-.702 
CP, OE 


III 
Input 
LOW Current 
Vee 
= MAX., VIN = 0.5V 
mA 


CC 
-.657 


Ci 
-2.31 


Cn 
-3.25 


00-3 
20 


10-4, RE, lEN, 
40 
CP,OE 


IIH 
Input 
HIGH Current 
Vee 
= MAX., VIN = 2.7V 
CC 
50 
IJ-A 


Ci 
90 


Cn 
250 


II 
Input 
HIGH Current 
Vee 
= MAX., VIN = 5.5V 
1.0 
mA 


Ise 
Output 
Short 
Circuit 
Current 
Vee 
= MAX. 
-30 
-85 
mA 
(Note 3) 


IOZl 
- 
Your 
= 0.5V 
-50 


IOZH 
Output 
OFF Current 
Vee 
= MAX., 
OE = 2.4V 
Your 
= 2.4V 
50 
IJ-A 


Vee 
= 5.0V 
TA = 25°C 
150 
205 


Te = -55 
to +125'C 
239 


Ice 
Power Supply Current 
Te = +125°C 
170 
mA 
(Note 5) 
Vee 
= MAX. 


TA = 0 to 70°C 
220 


TA = 70°C 
185 


Notes: 
1. For conditions 
shown 
as MIN. 
or MAX., 
use the appropriate 
value specified 
under 
Electrical 
Characteristics 
for the applicable 
device type. 


2. 
Typical 
limits are at Vcc = 5.0V, 25°C ambient 
and maximum 
loading. 
3. 
Not more than one output 
should 
be shorted 
at a time. 
Duration 
of the short circuit test should 
not exceed 
one second. 


4. These 
input levels provide 
no guaranteed 
noise immunity 
and should 
only be tested in a static-, 
noise-free 
environment. 
5. 
Minimum 
Ice 
is at maximum 
temperature. 


Tables A, B, C and D define the timing characteristics 
of the Am2930. Measurements are made at 1.5V with V1L = OV and 


VIH = 3.0V. For three-state disable tests, CL = 5.0pF and measurement is to O.5V change on output voltage level. 


TABLE IA 


Cock 
Characteristics. 


TABLE IB 


Output 
Enable/Disable 
Times. 


All in ns. 


CL = 5.0pF for output disable tests. 


From 
To 
Enable 
Disable 


OE 
y 
18 
17 


CC 
y 
39 
27 


(Nole 
1) 


14_0 
y 
57 
41 


(Note 
1) 


I. Typical 
Room Temperature 
Performance. 
Vcc = 5.0V, TA = 25°C 


TABLE IC 
Combinational 
Propagation 
Delays. 
All in ns. 
Outputs fully loaded. CL = 50pF. 


~ 


output 
Ci+4 
Ci+4 
From 
Input 
Y 
G,P 
Cn+4 
14=L 
14=H 
Full 
Empty 


14-0 
61 
50 
57 
61 
69 
52 
- 


CC 
46 
32 
39 
- 
53 
29 
- 


Cn 
25 
- 
17 
- 
32 
- 
- 


C; 
- 
- 
- 
14 
14 
- 
- 


CP 
52 
40 
46 
33 
58 
40 
40 


D 
37 
23 
30 
- 
43 
- 
- 


IEN 
- 
- 
- 
- 
- 
27 
- 


TABLE 10 


Set-up and Hold Times. All in ns. 


All relative to clock 


LOW-to-HIGH transition. 


~ 
~ 


Set-up 
Hold 


Input 
Time 
Time 


t4_0 
68 
0 


CC 
53 
0 


IEN 
39 
0 


cn 
28 
0 


c; 
18 
3 


D (RE 
- 
L, 
14 
0 
14.0- 0-8 or 10-15) 
o (All 
other 
conditions) 
44 
0 


RE 
13 
2 


TABLE IIA 


Clock Characteristics. 


MinimumClock LOW Time 
310s 


Minimum Clock HIGH Time 
33ns 


I 
TABLE liB 


Output 
Enable/Disable 
Times. 


All in ns. 
CL = 5.0pF for output disable tests. 


From 
To 
Enable 
Disable 


OE 
y 
27 
26 


CC 
y 
55 
37 


(Note 
1) 


14-0 
Y 
80 
55 
(Note 
1) 


II. Guaranteed 
Performance 
Over Commercial 
Operating 
Range. 
Vcc = 4.75 to 5.25V, TA = 0 to 70°C 


TABLE IIC 
Combinational 
Propagation 
Delays. 


All in ns. 


Outputs fully loaded. CL = 50pF. 


~ 


output 
From 
Ci+4 
Ci+4 
Input 
Y 
G,P 
Cn+4 
14=L 
14=H 
Full 
Empty 


14-0 
81 
67 
77 
80 
91 
69 
- 


CC 
63 
45 
55 
- 
72 
42 
- 


Cn 
32 
- 
25 
- 
45 
- 
- 


C; 
- 
- 
- 
22 
22 
- 
- 


CP 
69 
53 
61 
43 
78 
55 
55 


D 
49 
33 
40 
- 
59 
- 
- 


IEN 
- 
- 
- 
- 
- 
40 
- 


TABLE 110 


Set-up and Hold Times. All in ns. 


All relative to clock 


LOW-to-HIGH transition. 


~ 
,....-- 


Set-up 
Hold 


Input 
Time 
Time 


14-0 
114 
0 


CC 
75 
0 


IEN 
55 
0 


Cn 
43 
0 


C; 
32 
5 


D (RE 
- 
L, 
25 
2 
14.0 - 0·8 or 10·15) 
o (All 
other 
conditions) 
66 
2 


RE 
24 
4 


TABLE iliA 


Clock Characteristics. 


MinimumClock LOW Time 
3Sns 


Minimum Clock HIGH Time 
35ns 


TABLE IIIB 


Output 
Enable/Disable 
Times. 


All in ns. 
CL = 5.0pF for output disable tests. 


From 
To 
Enable 
DIsable 


OE 
y 
32 
31 


c~l, 
y 
60 
42 


(Noe 
1) 


'4-~L 
Y 
85 
60 
(Note 
1) 


III. Guaranteed 
Performance 
Over Military 
Operating 
Range. 
Vcc = 4.5 to 5.5V, Tc = -55 
to +125°C 


TABLE IIIC 
Combinational 
Propagation 
Delays. 


All in ns. 


Outputs fully loaded. CL = 50pF. 


~ 


output 


From 
Ci+4 
Ci+4 


Input 
y 
G,P 
Cn+4 
14=L 
14=H 
Full 
Empty 


14-0 
88 
74 
82 
87 
97 
78 
- 


CC 
68 
52 
60 
- 
78 
47 
- 


Cn 
37 
- 
30 
- 
46 
- 
- 


C; 
- 
- 
- 
23 
23 
- 
- 


CP 
74 
58 
66 
48 
84 
60 
60 


D 
55 
38 
45 
- 
65 
- 
- 


IEN 
- 
- 
- 
- 
- 
45 
- 


TABLE 1110 


Set-up and Hold Times. All in ns. 


All relative to clock 


LOW-to-HIGH transition. 


CPo 
,....-- 


Set-up 
Hold 


Input 
Time 
Time 


14-0 
124 
0 


CC 
80 
0 


IEN 
69 
0 


Cn 
52 
0 


C; 
37 
5 


D (RE 
- 
L, 
30 
2 
14-0 ::::0-8 or 10-15) 
o (All 
other 
conditions) 
72 
2 


RE 
29 
4 


APPLICATIONS 


The Am2930 
is shown in a typical 
16-bit, 2900 Microcomputer 


design in Fgure 
1. 


The Direct inputs 
(D) of the Am2930 
are derived from one of 


three 
sources: 
the 
Instruction 
Register, 
the Data Bus via a 16- 
bit register 
(two 
Am2920 
8-bit 
Registers). 
and the output 
of 


the Am2901's 
via a 16-bit register. 


The Address 
outputs 
(Y) of the Am2930 
are loaded into a 16- 
bit Memory 
Address 
Register 
(MAR). 
Although 
the 
MAR is 


shown as part of the CPU, in some appt ications it may be part 
of the memory. 


An 
Am2902 
High-Speed 
Lookahead 
Carry 
Generator 
is uti- 
lized to provide 
high-speed 
relative 
and indexed 
addressing. 
In 


slower 
systems, 
the 
Cn+4 
output 
can be wired 
to the 
next 


higher Cn input to provide 
ripple block arithmetic. 


104 
The five Instruction 
control 
lines to the Am2930, 
used 
to 
establish 
data 
paths 
and 
enable 
internal 
registers. 


The 
Instruction 
Enable 
Input, 
used to enable 
and 


disable 
internal 
registers. 
When 
IEN is LOW, all in- 
ternal 
registers 
are under 
control 
of the 
Instruction 
inputs. 
When 
tEN is HIGH, all internal 
registers ex- 


cept 
R are inhibited 
from changing 
state. 
R is con- 
trolled 
by the 
RE input. 
The 
IEN input 
does 
not 


affect 
the combinatorial 
data 
paths and the outputs 


established 
by the Instruction 
inputs. 


The 
Condition 
Code 
input 
determines 
whether 
or 


not a conditional 
instruction 
(Instructions 
16-31) is 


performed. 
If CC is LOW, the conditional 
instruction 


is executed. 
If CC is HIGH, Fetch PC (Instruction 
1) 


is executed. 
The 
CC input 
may be either 
HIGH or 


LOW for 
unconditional 
instructions 
(Instructions 


0-15). 


T~e Register 
Enab~nput 
for the Auxiliary 
Register 


(Rl. 
A LOW on 
RE calJses the 
Auxiliary 
Register 


(Rl to be loaded 
from the 
D inputs 
unless 
Instruc- 


tion 8 or 9 is being executed 
and IEN is LOW. 


The Condition 
Code input 
(CC) is derived from the same con- 


dition 
code multiplexer 
which generates 
the condition 
code in- 
put for the microprogram 
sequencer. 


The control 
inputs 
of the Am2930 
(I04,IEN, 
RE, OE, and Ci 
and Cn of the least significant 
device) are shown originating 
at 
the Pipeline 
Register. 
Although 
it is not shown 
in Figure 1, it 


is possible 
to share the Pipeline 
Register 
outputs 
which 
go to 


these 
pins with 
another 
device. 
This can 
be accomplished 
if 
both the Am2930 
and the other 
device do not operate 
on the 


same 
microcycle. 
Forcing 
the 
IEN input 
HIGH 
inhibits 
any 
changes 
in the Am2930 
internal 
registers, 
independent 
of the 
state 
of these 
seven 
inputs. 
This allows the 
Am2930 
to be 
placed 
in a hold mode while the other device is using the same 
Pipeline 
Register outputs 
as control 
signals. 


Cn 


Cn+4 
P,G 


Ci 


Ci+4 


YO-3 


The carry-in to the Full Adder. 


The carry-{Jut of the Full Adder. 


The carry generate 
and propagate 
outputs 
of the Full 
Adder. 


The carry-in to the program 
counter 
incrementer. 


The carry-out 
of the program 
counter 
incrementer. 


The four 
address 
outputs 
of the Am2930. 
These are 


three-state 
output 
lines. When enabled, 
they display 
the outputs 
of the Full Adder. 


Output 
Enable. 
When OE is HIGH, 
the Youtputs 


are OFF 
(high-impedance); 
when OE is LOW, the Y 
outputs 
are active (HIGH or LOW). 


The four 
Direct 
inputs 
which 
are used as inputs 
to 
the 
Auxiliary 
Register, 
the 
RAM, 
and 
the 
Full 
Adder, under instruction 
control. 


The Empty 
output 
is LOW when the Stack isempty. 


The Full output 
is LOW when the LIFO stack is full 


- during and after the 17th push operation. 


The 
clock 
input 
to the 
Am2930. 
All internal 
reg- 


isters (R, SP, PC) and the 
RAM are updated 
on the 


LOW-to-HIGH 
transition 
of the clock input. 


CONNECTION 
DIAGRAM 
Top View 
,• 
Vcc 
'0 
28 


FUll 
27 
I, 


EMPTY 
2. 
'2 


c; 
25 
'3 


DE 
2' 
'. 


Ci+4 
23 
cc 


Cn 
22 
iEN 


Am2930 


Yo 
21 
RE 


Y, 
20 
DO 


Y2 
'0 
19 
D, 


Y3 
11 
18 
D2 


G 
'2 
17 
D3 


Note: Pin 1 is marked for orientation. 


Cn+4 
13 
I. 


GND 
" 
'5 
CP 
MPR-225 


2-258 


INPUT/OUTPUT 
CIRCUIT 
CURRENT 
INTERFACE 


DRIVEN INPUTS 
"J 
1 


en' cc 
ALL OTHERS 


Note; 
Cj input 
is connected 
to both 
configurations 
in parallel. 


Package Type 
Operating 
Range 
Screening 
Level 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2930PC 
P-28 
C 
C-1 
AM2930DC 
0-28 
C 
C-1 
AM2930DC-B 
0-28 
C 
B-2 (Note 4) 
AM2930DM 
0-28 
M 
C-3 
AM2930DM-B 
0-28 
M 
B-3 
AM2930FM 
F-28-2 
M 
C-3 
AM2930FM·B 
F-28-2 
M 
B-3 


AM2930XC 
Dice 
C 
} 


Visual inspection 


AM2930XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded 
DIP, 0 = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
B for detailed 
outline. 


Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 


2 
C = 0 to 70·C. Vcc 
= 4.75 to 5.25V; M - 
-55 
to + 125·C, Vcc 
~ 4.50 to 5.50V 


3. See Appendix 
A for details of screening. 
Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms 
to MIL-STD-883, 
Class B. 


4. 96 hour burn-in. 


Am2932 
Program Control Unit/Push-Pop 
Stack 


• 
Powerful, 
4-bit slice address controller 
for memories 


Useful with both main memory 
and microprogram 
memory 


Expandable 
to generate 
any address length 


• 
Executes 
16 instructions 
Automatic 
generation 
of 
address 
and 
update 
of program 


counter 
for fetch 
cycles, 
branch 
cycles, and subroutine 
call 


and return 


• 
Contains 
cascadable 
full adder 
Eight 
relative 
address 
instructions 
are provided, 
including 


jump 
relative 
and jump-to-subroutine 
relative 


• 
Seventeen-level 
push/pop 
stack 
On-chip 
storage 
of subroutine 
return 
addresses 
nested up to 


17 levels deep 


• 
Separate 
incrementer 
for program 
counter 


A relative 
address 
may be computed 
and PC may be incre- 


mented 
by one on a single cycle 


The 
Am2932 
is a four-bit 
wide 
Program 
Control 
Unit 
in- 


tended 
to perform 
machine 
level addressing functions, 
although 


the device can also be used as a microprogram 
sequencer. 
Four 


Am2932s 
may be interconnected 
to generate 
a 16-bit address 


(64K words). 
The Am2932 
contains 
a program 
counter, 
a sub- 


routine 
stack, 
an auxiliary 
register, 
and a full adder 
for com- 


puting 
relative 
addresses. 


The Am2932 
performs 
five types 
of instructions. 
These are: 


1) 
Fetch; 
2) Jump; 
3) Jump-to-Subroutine; 
4) 
Return-from- 


Subroutine; 
and 
5) miscellaneous 
instructions. 


There 
are four 
sources 
of data 
for the adder 
which 
generates 


the 
Address 
outputs 
(YO-Y3). 
These 
are: 
1) the 
Program 


Counter(PC); 
2) the 
Stack 
(5); 3) the 
auxiliary 
Register(R); 


and 4) the 
Direct 
inputs 
(D). Under control 
of the Instruction 


inputs 
(10-13). the multiplexers 
at the adder 
inputs 
allow var- 


ious combinations 
of these terms 
to be generated 
at the three- 


state 
Y address 
outputs. 
The instruction 
lines also control 
the 


updating 
of 
the 
program 
counter 
and the 
auxiliary 
register. 


The 
Am4932 
is a 
bipolar 
Program 
Control 
Unit 
intended 


for 
use in high-speed 
microprocessor 
applications. 
The device 


is a casca9able, 
four-bit 
slice such that 
three 
devices allow ad- 


dressing 
or up to 4K words 
of memory 
and four devices allow 


addressing 
of up to 64K words of memory. 


As showt1 in the 
Block 
Diagram, 
the 
device 
consists 
of the 


foliowing:1 


1) A full adder with input multiplexers 
2) A Pro~ram 
Counter 
Register 
with 
an incrementer 
and an 


input rt,ultiplexer 
3) A 17 x 4 Last-In, 
First-Out 
(LIFO) 
stack consisting 
of an 


input multiplexer, 
a 17 x 4 RAM, and a Stack Pointer 
4) An aU~iliary register with an input multiplexer 
5) An insnuction 
decoder 


6) Four 3-state output 
buffers on the address outputs 


The following 
paragraphs 
describe each of these 
blocks in detail. 


Full Adder 


The 
Full Adder 
is a binary 
device with 
full lookahead 
carry 


logic for ~igh-speed 
addition. 
The carry output 
(Cn+4) can be 
connecte1 
to 
the 
next 
higher 
Cn 
to 
provide 
ripple 
block 


arithmetic. 
The 
carry 
input 
to the 
adder 
(Cn) is internally 


inhibited 
during 
those 
instructions 
which do not 
require 
an 


addition 
~o be performed. 
For these 
instructions, 
the data 
is 


passed 
directly 
through 
the 
adder, 
independent 
of the 
state 


of Cn. 


The multiplexers 
at the A and B inputs 
of the adder are con- 


trolled 
by the Instruction 
decoder 
which selects the appropriate 
adder inpyts for the selected 
instruction. 


Program 
Counter 


The 
prog am 
counter 
consists 
of a register 
preceded 
by an 


incrementer. 
The Program 
Counter 
Register 
(PC) is a four-bit, 


edge-triggJred, 
D-type 
register which 
is loaded 
from the incre- 


menter 
output 
on the 
LOW-to-H IGH transition 
of the clock 


input 
(CP) at the end of every instruction. 


The 
incrernenter 
utilizes 
full lookahead 
logic for high speed. 
For 
cascading 
devices, 
the 
carry 
output 
of the 
incrementer 
(Ci+4) is donnected 
to the incrementer 
carry input 
(Ci) of the 
next 
higher 
device. 
The output 
of the 
incrementer, 
which 
is 
loaded 
into the PC, is equal to the incrementer 
input 
plus Ci. 
Therefore, 
it is possible 
to control 
the entire 
cascaded 
incre- 
menter 
from the Ci input of the least significant 
device; a LOW 


on the Ci input 
of the least significant 
device will simply pass 
the 
data 
from 
the 
multiplexer 
output 
to the inputs 
of PC; a 
HIGH will cause 
the 
outputs 
of the 
multiplexer 
to be incre- 


mented 
before 
they 
are loaded 
into 
PC. During 
the suspend 


instruction 
the Ci input 
is internally 
inhibited; 
therefore, 
data 


is passed from the multiplexer 
output 
to the PC without 
incre· 


menting. 
The multiplexer 
selects the input 
to the incrementer 


from 
either 
PC or the 
output 
of the 
Full Adder, 
depending 


upon the instruction 
being executed. 
During the Jump, 
Jump- 


to-Subroutine, 
and 
Return 
instructions, 
the 
multiplexer 


chooses the 
Full Adder outputs 
as the input to the incrementer. 


The Full Adder output 
is also selected for the Reset instruction. 


For all other 
instructions, 
the PC is selected 
as the input to the 


incrementer. 
E 


17 x 4 LIFO Stack 


The 17x4 
LIFO stack consists 
ofa multiplexer, 
a 17x4 
RAM, 


and a Stack Pointer 
(SP) which address the words in the RAM. 


The SP always 
points 
to the last word written 
into the 
RAM 


(Top of the Stack). 
The Top of the Stack (S) is available at the 


output 
of the RAM. 


Data is pushed 
onto the Top of the Stack from either 
D or PC. 


It is written 
into memory 
location 
SP+1 . The SP is incremented 


on the 
LOW-to-H IGH clock transition 
at the end of the cycle 


so that it still points to the last data written 
into the RAM. 


For a Pop operation, 
the contents 
of the RAM are not changed, 


but the 
SP is decremented 
at the end of the cycle so that 
it 


then points to the new Top of the Stack. 


The 
SP is an 
up/down 
counter 
which 
changes 
state 
on the 


LOW-to-HIGH 
transition 
of the 
Clock 
input. 
It is internally 
prevented 
from 
incrementing 
when the stack 
is full and from 


decrementing 
when the Stack is empty. 
When the Stack is full, 


the RAM write circuitry 
is also inhibited. 


The active 
LOW Full output 
(FULL) 
is LOW either 
when the 
stack 
is full or when 
the 
current 
instruction 
being 
executed 
will fill the stack (during and after the 17th Push). 


Auxiliary 
Register 
(R) 


The Auxiliary 
Register (R) can be loaded from either the Direct 


inputs 
(D) or the output 
of the Full Adder. 
It is loaded on the 
LOW-to-H IGH transition 
of the clock input 
(CP) if the Instruc- 
tion inputs call for it to be loaded. 


Instruction 
Decoder 


The 
Instruction 
Decoder 
generates 
the 
signals 
necessary 
to 


establish 
the 
data 
paths 
qnd to enable 
the loading 
of the PC, 


R, SP, and RAM. 


Output 
Buffers 


The 
Address 
outputs 
(yO'Y3) 
are 
three-state 
drivers 
which 


may be disabled 
under 
Instruction 
control. 


CEN" 


RST" 


OEN" 


INC" 


RSEL" 


RCE" 


CONNECTION DIAGRAM 
Top View 


'0 
VCC 


FTIIT 
" 


C, 
'2 


Ci+4 
'3 


Cn 
00 


Vo 
0, 


V, 
02 


V2 
03 


V3 
Cn•• 


GNO 
CP 


Instruction 
Next State 
(after CPn -.Note 2 


Number 
13 
12 
11 
10 
Mnemonic 
Instruction 
YO'Y3 
PC 
R 
RAM 
SP 


0 
L 
L 
L 
L 
PRST 
RESET 
"0" 
"O"+Cj 
- 
- 
Reset 
1 
L 
L 
L 
H 
PSUS 
SUSPEND 
Z (Note 
1) 
- 
- 
- 
- 
2 
L 
L 
H 
L 
PSHD 
PUSH D 
PC 
PC+Cj 
- 
D-Loc 
SP+1 
SP+1 


3 
L 
L 
H 
H 
POPS 
POP S 
S 
PC+Cj 
- 
- 
SP-1 


4 
L 
H 
L 
L 
FPC 
FETCH PC 
PC 
PC+Cj 
- 
- 
- 


5 
L 
H 
L 
H 
JMPD 
JUMP D 
D 
D+Cj 
- 
- 
- 
6 
L 
H 
H 
L 
PSHP 
PUSH PC 
PC 
PC+Ci 
- 
PC-Lac 
SP+1 
SP+1 
7 
L 
H 
H 
H 
RTS 
RETURN 
S 
S 
S+Ci 
- 
- 
SP-1 
8 
H 
L 
L 
L 
FR 
FETCH 
R 
R 
PC+Cj 
- 
- 
- 
9 
H 
L 
L 
H 
FPR 
FETCH 
PC+R 
PC+R+Cn 
PC+Cj 
- 
- 
- 
10 
H 
L 
H 
L 
FPLR 
FETCH PC-R 
PC 
PC+Cj 
PC 
- 
- 


11 
H 
L 
H 
H 
JMPR 
JUMP R 
R 
R+Cj 
- 
- 
- 
12 
H 
H 
L 
L 
JPPR 
JUMP PC+R 
PC+R+Cn 
PC+R+Cn+Cj 
- 
- 
- 
13 
H 
H 
L 
H 
JSBR 
JSB R 
R 
R+Cj 
- 
PC-Lee 
SP+1 
SP+1 


14 
H 
H 
H 
L 
JSPR 
JSB PC+R 
PC+R+Cn 
PC+R+Cn+Cj 
- 
PC-Lee 
SP+1 
SP+1 


15 
H 
H 
H 
H 
PLDR 
LOAD R 
PC 
PC+Cj 
D 
- 
- 
B 


Am2932 
INSTRUCTION 
SET 


The Am2932 
Instruction 
set can be divided 
into five types of 


instructions 
These are: 


• 
Fetches 


• 
Jumps 


• 
Jumps,to-Subroutine 
• 
Return-from-Subroutine 
• 
Miscellaneous 
Instructions 
The following 
paragraphs 
describe 
each of these types in detail. 


Fetches 


As can be seen from 
Table 
I, there are four Fetch instructions 


(Instructions 
4, 8, 9, 10). 
Under 
control 
of the 
Instructions 


inputs, 
the desired 
function 
is placed at the Y outputs. 
For all 
Fetch 
instructions, 
PC is incremented 
if Ci of the least signi- 
ficant 
device is HIGH. For Instruction 
10 R is loaded with PC. 


The 
RAM and 
Stack 
Pointer 
are not changed 
during 
a Fetch 


instruction. 


Jumps 


There 
are 
three 
Jump 
instructions 
(Instructions 
5, 11, 12). 


Under 
control 
of the 
Instruction 
inputs, 
the desired 
function 


is placed at the Y outputs. 
Additionally, 
the desired 
function 


is incremented 
if Ci of the least significant 
device is HIGH and 


loaded into PC. The RAM, Stack Pointer 
and R are not changed 


during these instructions. 


Jumps-to-Subroutine 


There 
are two 
Jump-to-Subroutine 
instructions 
(Instructions 


13 and 14). Under control 
of the Instruction 
inputs, the desired 
function 
is placed 
on the Y outputs. 
On the rising edge of the 
clock 
the 
data 
on the 
Y outputs 
is incremented 
and 
loaded 


into PC, PC is loaded 
into the 
RAM at location 
SP+l; and SP 


is incremented. 


During these instructions, 
R is not changed. 


Return-fram-Subroutine 
(Instruction 
7) 


Under 
cont 
01 of the 
instruction 
inputs, 
S is placed 
at the Y 


outputs. 
Additionally, 
S is incremented 
and 
loaded 
into 
PC 
and 
SP is decremented 
at the end of the cycle 
(on the rising 


edge of the clock). 


During this instruction, 
R is not changed. 


Miscellaneous 
Instructions 


Each 
of 
the 
nine 
miscellaneous 
instructions 
is 
described 


individually. 


Reset (Instruction 
0) 


The Reset instruction 
forces the Y outputs 
to zero, loads either 
zero or one into 
PC, depending 
upon 
the Ci input of the least 


significant 
device, and resets SP. The RAM and R are unchanged. 


Load R (Instruction 
15) 


This instruction 
loads the data 
on the 
D inputs 
into 
R. PC is 


either 
incremented 
or held depending 
upon 
Ci of the least sig- 
nificant 
device. The SP and RAM are not changed. 


Push PC (Instruction 
6) 


This 
instruction 
is the 
same as Fetch 
PC except 
that 
PC is 


loaded 
into 
RAM and 
SP is incremented 
at the 
end of the 


cycle; i.e., the current 
PC is Pushed onto the stack. 


Pus/] D (Instruction 
2) 


This instruction 
is the same as Fetch PC except 
that 
D is loaded 


into the 
RAM and SP is incremented 
at the end of the cycle; 


i.e., external 
data is Pushed onto the stack. 


Pop S (Instruction 
3) 


This i.nstruction 
places the Top of the Stack 
(S) at the Y out- 
puts 
and decrements 
SP at the 
end 
of the 
cycle. 
The PC is 
incremented 
if the 
Ci input 
of the 
least significant 
device 
is 


HIGH. R is not changed. 


Suspend 
(Instruction 
1) 


The Suspend 
instruction 
inhibits 
any change 
in PC, SP, Rand 


RAM and forces 
the Y outputs 
into the high impedance 
state. 


Am2932 


MAXIMUM 
RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential 


DC Voltage Applied to Outputs for High Output State 


DC Input Voltage 


DC Output Current, Into Outputs 


DC Input Current 


-65 to +150°C 


-55 to +125°C 


-0.5 to +7.0V 


-0.5V to Vee max. 


-0.5 to +5.5V 


30mA 


-30 to +5.0mA 


Part Number 


Am2932PC, DC 


Am2932DM 


Temperature 


TA = Oto 70°C 


Te = -55 
to +125°C 


VCC 


4.75V to 5.25V 


4.50V to 5.50V 


Typ 


Min 
(Note 2) 
Max 


Yo, Y" 
Y2, Y3 


VOH 
Output 
HIGH Voltage 
Vee = MIN., 
G, Cn+4' 
10H = -1.6mA 
2.4 


Volts 
VIN = VIL or VIH 
Cj+4 


FULL 
10H = -1.2mA 
2.4 


10L = 20mA 
0.5 


Yo, Y" 
Y2, Y3 
(COM'L) 


10L = 16mA (MIL) 
0.5 


VOL 
Output 
LOW Voltage 
Vee 
= MIN. 
Cn+4' 
10L = 16mA 
0.5 
Volts 
VIN = VIL or VIH 
Ci+4 


FULL 
10L = 12mA 
0.5 


VIH 
Input HIGH Level (Note 4) 
2.0 
Volts 


VIL 
Input LOW Level (Note 4) 
0.8 
Volts 


VI 
Input Clamp Voltage 
Vee 
= MIN., IIN = -18mA 
-1.5 
Volts 


DO-3 
-.360 


10-3, CP 
-.702 


IlL 
Input LOW Cunent 
Vee 
= MAX., VIN = 0.5V 
mA 


Cj 
-2.0 


Cn 
-3.69 


DO-3 
20 


10-3, CP 
40 
IIH 
Input HIGH Current 
Vee 
= MAX., VIN = 2.7V 
Cj 
90 
I"-A 


Cn 
250 


II 
Input HIGH Current 
Vee 
= MAX., VIN = 5.5V 
1.0 
mA 


Ise 
Output 
Short Circuit 
Vee 
= MAX. 
-30 
-85 
mA 
Current 
(Note 3) 


10ZL 
Vee 
= MAX., OE = 2.4V 
VOUT = 0.5V 
-50 


IOZH 
Output 
OFF Current 


VOUT = 2.4V 
50 
I"-A 


Vee 
= 5.0V 
TA = 25°C 
128 
176 


Te = -55 
to +125°C 
210 


Ice 
Power Supply Current 
Te = +125°C 
145 
mA 


(Note 5) 
Vee 
= MAX. 
TA = Oto 70°C' 
190 


TA 
- 
70°C 
160 


Notes: 
1. For conditions 
shown 
as MIN. 
or MAX., 
use the appropriate 
value 
specified 
under 
Electrical 
Characteristics 
for the applicable 
device type. 


2. Typical 
limits are at Vcc 
= 5.0Y. 25°C ambient 
and maximum 
loading. 
3. 
Not more than one output 
should 
be shorted 
at a time. 
Duration 
of the short circuit test should 
not exceed 
one second. 


4. 
These 
input levels provide 
no guaranteed 
noise immunity 
and should 
only be tested in a static-, 
noise-free 
environment. 


5. Minimum 
Ice is at maximum 
temperature. 


Am2932 
SWITCHING 
CHARACTERISTICS 


Tables A. B. C and D define the timing characteristics of the Am2932. Measurements are made at 1.5V·with VIL = OVand 
VIH = 3.0V. For three-state disable tests. CL = 5.0pF and measurement is to O.5V change on output voltage level. 


I. Typical 
Room Temperature 
Performance. 
Vcc = 5.0V. TA = 25°C 


TABLEIA 
lABLE 
IC 
TABLE 10 


Clock Characteristics. 
Combinational 
Propagation 
Delays. 
Set-up and Hold Times. All in ns. 


1 
Minimum Clock LOW Time I 18ns I 


All in ns. 
All relative to clock 
Outputs fUlly loaded. CL = 50pF. 
LoW-to-HIGH 
transition. 


I 
Minimum Clock HIGH Time I 20n5 I 


~ 


c!::..-.. r-- 


Output 


From 
Ci+4 
Ci+4 
Set-up 
Hold 


Input 
Y 
Cn+4 
(Note1) 
(Note2) 
Full 
Input 
Time 
Time 


13-0 
61 
57 
69 
61 
52 
Cn 
28 
0 


TABLEIB 
cn 
25 
17 
32 
- 
- 
c; 
18 
3 


Output 
Enable/Disable 
Times. 
c; 
- 
- 
14 
14 
- 
0 
35 
0 


All in ns. 
CP 
40 
13.0 
CL = 5.0pF for output disable tests. 


52 
46 
58 
33 
68 
0 


0 
29 
- 
37 
- 
- 
I From I To I EnableI DisableI 
Notes: 1. Instructions5. 7. 11. 12, 13, 14. 


I 
13·0 
I 
y 
I 
57 
I 
41 
I 
2. All instructionsexcept 5. 7. 11. 12. 13. 14. 


II. Guaranteed 
Performance 
Over Commercial 
Operating 
Range. 


Vcc = 4.75 to 5.25V. TA = 0 to 70°C 


TABLE IIA 
TABLE IIC 
TABLE 110 


Clock Characteristics. 
Combinational 
Propagation 
Delays. 
Set-up and Hold Times. All in ns. 


I 
Minimum Clock LOW Time 
I 31ns I 


All in ns. 
All relative to clock 
Outputs fUlly loaded. CL = 50pF. 
LoW-to-HIGH 
transition. 
1 
Minimum Clock HIGH Time 
I 3305 I 


~ 


c!::..-.. ..-- 


utput 
From 
Ci+4 
Ci+4 
Set-up 
Hold 


Input 
Y 
Cn+4 
(Note1) 
(Note2) Fuif 
Input 
Time 
Time 


13-0 
81 
77 
91 
80 
69 
Cn 
43 
0 


TABLE liB 


Cn 
32 
25 
45 
- 
- 
C; 
Output 
Enable/Disable 
Times. 
32 
5 


All in ns. 
c; 
- 
- 
22 
22 
- 
0 
52 
2 


CL = 5.0pF for output disable tests. 
cp 
69 
61 
78 
43 
55 
13-0 
114 
0 


0 
39 
- 
50 
- 
- 
I 
From 
I To I EnableI DisableI 
Instructions5. 7, 11, 12. 13. 14. 


I 
I 
y I 
I 
I 


Notes: 1. 


13.0 
80 
55 
2. All instructionsexcept 5. 7. 11. 12. 13. 14. 


III. Guaranteed 
Performance 
Over Militaty 
Operating 
Range. 


Vcc = 4.5 to 5.5V. Tc = -55 
to +125°C 


TABLE iliA 
TABLE IIIC 
TABLE 1110 
Clock Characteristics. 
Combinational 
Propagation 
Delays. 
Set-up and Hold Times. All in ns. 


I 
Minimum Clock LOW Time I 35n5 I 


All in ns. 
All relative to clock 


Outputs fUlly loaded. CL = 50pF. 
LoW-to-HIGH 
transition. 
I 
Minimum Clock HIGH Time I 35n5 I 


~ 


CPo 
,..- 


Output 
From 
Ci+4 
Ci+4 
Set-up 
Hold 


Input 
Y 
Cn+4 
(Note1) 
(Note2) 
Full 
Input 
Time 
Time 


13-0 
68 
82 
97 
87 
78 
Cn 
52 
0 
TABLE IIIB 
cn 
Output 
Enable/Disable 
Times. 
37 
30 
46 
- 
- 
C; 
37 
5 


All in ns. 
c; 
- 
- 
23 
23 
- 
0 
60 
2 


CL = 5.0pF (or output disable tests. 
CP 
74 
66 
84 
45 
60 
13~O 
124 
0 


D 
44 
- 
55 
- 
- 
I From I To I EnableI DisableI 
Notes: 1. Instructions5. 7, 11. 12. 13, 14. 
I 
13.0 
I 
y 
I 
85 
I 
60 
I 
2. All instructionsexcept 5,7,11.12,13.14. 


The Am2932 
is shown in a typical 
16-bit, 
2900 Microcomputer 


design in Figure 1. 


The Direct 
inputs 
(D) of the Am2932 
are derived 
from 
one of 
three 
sources: 
the 
Instruction 
Register, the Data Bus via a 16- 


bit 
registe~ (two 
Am2920 
8-bit 
Registers), 
and the output 
of 


the Am2901s 
via a 16-bit 
register. 


The 
Address 
outputs 
(Y) 
of 
the 
Am2932 
are passed to 
the 


address 
bus. 


The Cn+4 output 
can be wired 
to the next higher Cn input 
to 


provide 
ripple 
block 
arithmetic. 


The control 
inputs 
of the Am2932 
(10-3, Ci and Cn of the least 


significant 
device) are shown originating 
at the Pipeline 
Register. 


PIN DEFINITIONS 


10-3 
The 
four 
Instruction 
control 
lines to 
the 
Am2932, 


used 
to 
establish 
data 
paths 
and 
enable 
internal 


registers. 


The carry-in 
to the Full Adder. 


The carry-out 
of the Full Adder. 


The carry-in 
to the program 
counter 
incrementer. 


The carry-out 
of the program 
counter 
incrementer. 


The four 
address outputs 
of the Am2932. 
These are 


three-state 
output 
lines. 
When 
enabled, 
they 
display 


the outputs 
of the Full Adder. 


The four 
Direct 
inputs which 
are used as inputs 
to the 


Auxiliary 
Register, 
the 
RAM, 
and 
the 
Full 
Adder, 


under instruction 
control. 


Full 
The Full 
output 
is LOW when 
the 
LI Fa 
stack 
is full 


- 
during 
and after the 17th push operation. 


CP 
The 
clock 
input 
to 
the 
Am2932. 
All 
internal 
reg- 


isters 
(R, 
SP, PC) and the 
RAM 
are updated 
on the 


LOW-to-H IGH transition 
of the clock 
input. 


Cn 


Cn+4 


Ci 


Ci+4 


YO-3 


I, 
10 


L 
L 
L 
H 
H 
L 
H 
H 


INSTRUCTION 


RESET 


SUSPEND 


PUSH 0 


POP S 


"0" 


Z (HIGH 
IMPEDANCE) 


SEE NOTE 
1 


TOP OF STACK 


00 01 02 03 


10 
17X4FULL 


11 
UFO 
CP STACK 


Yo Y, V2 V3 


Equivalent 
Logic 
Symbol 
for 


Am2932 with 12. '3 Grounded 


Figure 
shows 
the 
use of 
four 
Am2932s 
as a 17-word 
by 
16-bit 
LI Fa 
stack 
by grounding 
12 and 
13. 
The effect 
of 
grounding 
13 is shown 
in 
Figure 
3. 


12 
11 
10 
INSTRUCTION 


DO 0,02 
03 
L 
L 
L 
RESET 


L 
L 
H 
SUSPEND 
'0 
FULL 


" 
L 
H 
L 
PUSH D 


'2 
Am2932 
L 
H 
H 
POP S 


'3 
H 
L 
L 
FETCH PC 
-= 
Ci 
Ci+4 


NC 
Cn 
Cn+4 
NC 
H 
L 
H 
JUMP D 


CP 
H 
H 
L 
PUSH PC 


Yo Y, 
Yz 
Y3 


H 
H 
H 
RETURN S 


Package 
Operating 
Am2932 
Type 
Range 
Screening 
Level 


Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2932PC 
P-20 
C 
C-1 
AM2932DC 
0-20 
C 
C-1 
AM2932DC-B 
0-20 
C 
B-2 (Note 4) 


AM2932DM 
0-20 
M 
C-3 
AM2932DMB 
0-20 
M 
B-3 
AM2932FM 
F-20 
M 
C-3 
AM2932FMB 
F-20 
M 
B-3 


AM2932XC 
Dice 
C 
} Visual inspection 


AM2932XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded DIP, 0 = Hermetic DIP, F ~ Flat Pak. Number following 
letter is number of leads. See Appendix B for detailed outline. Where 
Appendix 
B contains several dash numbers, any of the variations of 
the package may be used unless otherwise 
specified. 


2. C = 0 to 70°C, Vcc 
= 4.75 to 5.25V 
M = -55 
to + 125°C, Vcc 
= 4.50 to 5.50V 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform 
to MIL-STD-883, 
Class 
C. Level 
B-3 conforms 
to MIL-STD-883, 


Class B. 
4. 96 hour burn-in. 


Am2940 
DMA Address Generator 


DISTINCTIVE CHARACTERISTICS 


• 
DMA Address Generation 
Generates memory address, word count and DONE signal for 
DMA transfer operation. 


• 
Expandable Eight-bit Slice 
Any number of Am2940's can be cascaded to form larger 
memory addresses - three devices address 16 megawords. 


• 
Repeat Data Transfer Capability 
Initial memory address and word count are saovedso that the 
data transfer can be repeated. 


• 
Programmable Control Modes 
Provides (our types of DMA transfer control plus memory 
address i~crement/decrement. 


• 
High Speed, Bipolar LSI 
Advanced Low-Power Schottky TIL technology provides typi- 
cal CLOCK to DONE propagation delay of SOns and 24mA 
output current sink capability. 


• 
Microprogrammable 
Executes 8 different instructions. 


GENERAL DESCRIPTION 


The Am2940, a 28-pin member of Advanced 
Micro Devices 


Am2900 family of Low-Power Schottky bipolar LSI chips, is a 
high-speed, cascadable, eight-bit wide Direct Memory Access 
Address Generator slice. Any number of Am2940's can be cas- 
caded to form larger addresses. 


The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data to or 
from a memory. It also maintains a data word count and gener- 
ates a DONE signal when a programmable terminal count has 
been reached. The device is designed for use in peripheral con- 
trollers with DMA capability or in any other system which transfers 
data to or from sequential locations of a memory. 


The Am2940 can be programmed to increment or decrement the 
memory address in any of four control modes, and'executes eight 
different instructions. The initial address and word count are 
saved internally by the Am2940 so that they can be restored later 
in order to repeat the data transfer operation. 


~ 
I_N_ST_R_U_C_T_'O_N __ 
t-. 
~ 
DECODER 
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Am2940 ARCHITECTURE 


As shown in the Block Diagram, the Am2940 consists of the 
following: 
• 
A three-bit Control Register. 


• 
An eight-bit Address Counter with input multiplexer. 


• 
An eight-bit Address Register. 


• 
An eight-bit Word Counter with input multiplexer. 


• 
An eight-bit Word Count Register. 
• 
Transfer complete circuitry. 
• 
An eight-bit wide data multiplexer with three-state output buff- 
ers. 
• 
Three-slate address output buffers with external output enable 
control. 


• 
An instruction decoder. 


Control Register 


Under instruction control, the Control Regist~r can be loaded or 
read from the bidirectional DATA lines Do-D7. Control Register 
bits 0 and 1 determine the Am2940 Control Mode, and bit 2 
determines whether the Address Counter increments or decre- 
ments. Figure 1 defines the Control Register format. 


Address Counter 


The Address Counter, which provides the current memory ad- 
dress, is an eight-bit, binary, up/down counter with full look-ahead 
carry generation. The Address Carry input (ACI) and Address 
Carry Output (ACO) allow cascading to accommodate 
larger 
addresses. Under instruction control, the Address Counter can 
beenabled 
disabled, and loaded from the DATA inputs, Do-D7, or 


the Address Register. When enabled and the ACI input is LOW, 
the Address Counter increments/decrements 
on the LOW to 


HIGH transition of the CLOCK input, CPoThe Address Counter 
output can be enabled onto the three-state ADDRESS outputs 
Ao-A7 under control of the Output Enable input, OEA. 


Address Register 


The eight-bit Address Register saves the initial address so that it 
can be restored later in orderto repeat a transfer operation. When 
the LOAD ADDRESS instruction is executed, the Address Regis- 
ter and Address Counter are simultaneously 
loaded from the 


DATA inputs, Do-D7. 


Word Counter and Word Count Register 


The Word Counter and Word Count Register, which maintain and 
save a word count, are similar in structure and operation to the 
Address Counter and Address Register, with the exception that 
the Word Counter increments in Control Modes 1 and 3, decre- 
ments in Control Mode 0, and is disabled in Control Mode 2. The 
LOAD WORD COUNT instruction simultaneously loads the Word 
Counter and Word Count Register. 


Transfer Complete Circuitry 


The Transfer Complete Circuitry is a combinational logic network 
which detects the completion of the data transfer operation in 
three Control Modes and generates the DONE output signal. The 
DONE signal is a open-collector output, which can be dot-anded 
between chips. 


Data Multiplexer 


The Data MUltiplexer is an eight~bit wide, 3-input multiplexer 
which allows the Address Counter, Word Counter, and Control 
Register to be read at the DATA lines, Do-D7. The Data Mul- 
tiplexer and three-state Data output buffers are instruction con- 
trolled. 


Address Output Buffers 


The three-state 
Address 
Output 
Buffers 
allow the Address 


Counter output to be enabled onto the ADDRESS lines, Ao-A7, 
under external control. When the Output Enable input, OEA, is 
LOW, the Address output buffers are enabled; when OEA is 
HIGH, the ADDRESS lines are in the high-impedance state. The 
address and Data Output Buffers can sink 24mA output current 
over the commercial operating range. 


Instruction Decoder 


The Instruction Decoder generates required internal control sig- 
nals as a function of the INSTRUCTION inputs, 10-12 and Control 
Register bits 0 and 1. 


Clock 


The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and Con- 
trol Register, all on the LOW to HIGH transition of the CP signal. 


Control Register 


~ 


Control Mode 
Number 


Control 
Mode Type 
Word 
Counter 


DONE Output Signal 


WCI = LOW 
WCI = HIGH 


AddressCompare 


Word CounterCarry Out 


HIGHwhen 
Word Counter = 1 


HIGHwhen 
HIGHwhen 


Word Counter + 1 
Word Counter 


= Word Count Reg. 
= Word Count Reg. 


HIGHwhen Word Counter = AddressCounter 


Always LOW 


H = HIGH 


L = LOW 
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CONNECTION 
DIAGRAMS 
Top Views 


D7 
DONE 
As 
,. 


28 
DS 
WC, 
VCC 


D. 
A. 
27 
D_ 
WCO 
27 
DONE 


28 
DS 
A7 
ACI 
26 
ACO 


27 
D_ 
As 
D. 
2. 
A_ 
AO 
25 
A7 


DATA 
Am2940 
A5 
'8 
D3 
D7 
2S 


'2 
Do 
24 
07 


17 
D2 
A_ 
2. 
A7 
2_ 
I, 
0, 
23 
D. 
ADDRESS 
,- 
D, 
A3 
,. 


A, 
22 
A. 


'3 
DO 
A2 
,. 
ACO 
23 
'0 
Am2940 


A2 
2' 
As 


A, 
'5 
DONE 
22 
GND 
D2 
20 
Ds 


} 'NSTRUCT'ON 


Am2940 
2S 
'2 
Ao 
'2 
VCC 
2' 
CP 
D3 
'0 
,. 
D, 


2_ 


" 
A3 
11 
'8 
A, 
WCi 
20 
OEA 
23 
'0 
OEA 
20 
OEA 
12 
17 
12 


Wclj 
'0 
,. 
A3 
CP 
'3 
'6 
I, 
2' 


CLOCK 
CP 
AC' 
" 
'8 
D3 
GND 
14 
15 
10 


Ao 
12 
17 
D2 


MPR-586 


Do 
'3 
,. 
A2 
" 
D, 
14 
'5 
A, 


MPR-228 


Note: 
Pin 1 is marked 
for orientation 


MPR-227 
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Am2940 


Am2940 ~ONTROL 
MODES 


Control 
Mode 0 - 
Word Count Equals Zero Mode 


In this mo e, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter 
is enabled and the Word Counter 


Carry-in, WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CPoFigure 1 specifies when 
the DON~ signal is generated. 


Control 
Mode 1 - 
Word Count Compare 
Mode 


In this mode the LOAD WORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When the Word Counter 
is enabled 
and the Word Counter 


Carry-in WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CPoFigure 1 specifies when 
the DONE signal is generated. 


Control 
Mode 2 - 
Address 
Compare 
Mode 


In this mode, only an initial and final memory address need be 
specified. The initial Memory Address is loaded into the Address 
Register and Address Counter and the final memory address is 
loaded into the Word Count Register and Word Counter. The 
Word Counter is always disabled in this mode and serves as a 
holding reQisterfor the final memory address. When the Address 
Counter is enabled and the ACI input is LOW, the Address 
Counter inerements or decrements (depending on Control Regis- 
ter bit 2) on the LOW to HIGH transition of the CLOCK input, CPo 
The Transler Complete Circuitry compares the Address Counter 
with the W?rd Counter and generates the DONE signal during the 
last word lransfer, 
i.e. when the Address Counter equals the 


Word Cou ter. 


Control 
ode 3 - 
Word Counter 
Carry Out Mode 


For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word Counter 
is enabled!and the WCI input is LOW, the Word Counter incre- 
ments on tre LOW to HIGH transition of the CLOCK input, CPoA 
Word Courter 
Carry Out signal, WCO, indicates the last data 


word is being transferred. The DONE signal is not required in this 
mode and, therefore, is always LOW. 


The Am2940 instruction set consists of eight instructions. 
Six 


instructions load and read the Address Counter, Word Counter 
and Control Register, one instruction enables the Address and 
Word counters, and one instruction reinitializes the Address and 
Word Counters. The function of the REINITIALIZE COUNTERS, 
LOAD WORD COUNT, and ENABLE COUNTERS instructions 
varies with the Control Mode being utilized. Table 1 defines the 
Am2940 Instructions as a function of Instruction inputs 10-12 and 
the four Am2940 Control Modes. 


The WRITE 
CONTROL 
REGISTER 
instruction 
writes 
DATA 


input 00-02 
into the Control Register; DATA inputs 03-07 
are 
"don't care" inputs for this instruction. The READ CONTROL 
REGISTER 
instruction gates the Control Register outputs to 


DATA lines, 00-02, 
DATA lines 03-07 
are in the HIGH state 


during this instruction. 


The Word 
Counter 
can be read 
using 
the 
READ 
WORD 


COUNTER instruction, which gates the Word Counter outputs to 
DATA lines 00-07, 
The LOAD WORD COUNT instruction 
is 


Control Mode dependent. In Control Modes 0, 2, and 3, DATA 
inputs 00-07 
are written into both the Word Count Register and 


Word Counter. In Control Mode 1, DATA inputs 00-07 are written 
into the Word Count Register and the Word Counter is cleared. 


The READ ADDRESS COUNTER instruction gates the Address 
Counter outputs to DATA lines 00-07, 
and the LOAD ADDRESS 


instruction writes DATA inputs 00-07 into both the Address Reg- 
ister and Address Counter. 


In Control Modes 0, 1, and 3, the ENABLE COUNTERS instruc- 
tion enables both the Address and Word Counters; in Control 
Mode 2, the Address Counter is enabled and the Word Counter 
holds its contents. When enabled and the carry input is active, the 
counters increment on the LOW to HIGH transition of the CLOCK 
input, CPo Thus, with this instruction applied, counting can be 
controlled by the carry inputs. 


The REINITIALIZE COUNTERS instruction also is Control Mode 
dependent. In Control Modes 0, 2, and 3, the contents of the 
Address Register and Word Count Register are transferred to the 
respective Address Counter and Word Counter; in Control Mode 
1, the content of the Address Register is transferred to the Ad- 
dress 
Counter 
and 
the 
Word 
Counter 
is cleared. 
The 


REINITIALIZE 
COUNTERS 
instruction allows a data transfer 


operation to be repeated without reloading the address and word 
counUrom 
the DATA lines. 


Octal 
Control 
Word 
Word 
Address 
Address 
Control 
Data 
'2 


" 


'0 
Code 
Function 
Mnemonic 
Mode 
Reg. 
Counter 
Reg. 
Counter 
Register 
00,0., 


WAITE 
L 
L 
L 
CONTROL 
WRCR 
0.1,2,3 
HOLD 
HOLD 
HOLD 
HOLD 
Do-D2-+CR 
INPUT 
REGISTER 


READ 
L 
L 
H 
CONTROL 
ADCA 
0,1,2,3 
HOLD 
HOLD 
HOLD 
HOLD 
HOLD 
fN~~~rD2 
REGISTER 


READ 
L 
H 
L 
WORD 
ROWe 
0,1,2,3 
HOLD 
HOLD 
HOLD 
HOLD 
HOLD 
WC~D 
COUNTER 


READ 
L 
H 
H 
ADDRESS 
ROAC 
0,1,2,3 
HOLD 
HOLD 
HOLD 
HOLD 
HOLD 
AC-+D 
COUNTER 


RE1NITIAL1ZE 
0.2,3 
HOLD 
WCR-+WC 
HOLD 
AR-+AC 
HOLD 


H 
L 
L 
COUNTERS 
REIN 


1 
HOLD 
ZERO-+WG 
HOLD 
AR-,loAC 
HOLD 


H 
L 
H 
lOAD 
LOAD 
0,1,2,3 
HOLD 
HOLD 
D-AR 
D"'AC 
HOLD 
INPUT 
ADDRESS 


lOAD 
0,2,3 
D.,.WR 
D.,.WC 
HOLD 
HOLD 
HOLD 
INPUT 
H 
H 
L 
WORD 
LDWC 
COUNT 
D_WR 
ZERO.,.WC 
HOLD 
HOLD 
HOLD 
INPUT 


ENABLE 
ENABLE 


ENABLE 
0,1,3 
HOLD 
COUNT 
HOLD 
COUNT 
HOLD 
H 
H 
H 
ENCT 
COUNTERS 
HOLD 
HOLD 
HOLD 
ENABLE 
HOLD 
COUNT 


CR = Cont 01 Reg. 
WCR = Word Count Reg. 
L = LOW 


AR = Address Reg. 
WC = Word Counter 
H = HIGH 
Note 1: 


AC = AddressCounter 
D = Data 
Z = High Impedance 
Data Bits D3-D7 are high during this instruction. 


1 
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MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential 


DC Voltage Applied to Outputs for High Output State 


DC Input Voltage 


DC Output Current, Into Outputs 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V to + 7.0V 


-O.5V to Vee max. 


-O.5V to +5.5V 


30mA 


-30mA 
to +5.0mA 


OPERATING 
RANGE 


PIN 


Am2940PC, 
DC 


Am2940DM, 
FM 


Temperature 


TA = O°C to +70°C 


Te = -55° 
to +125°C 


Vee = 5.0V ±5% 


Vee = 5.0V ±10% 


Vee 


(MIN. = 4.75V 
MAX. = 5.25V) 


(MIN. = 4.50V 
MAX. = 5.50V) 
EJ 


Typ. 


Min. 
(Note 2) 
Max. 


VOH 
Output HIGH Voltage 
Vcc 
= MIN., 
I MIL 10H = -1.0mA 
2.4 
Volts 
VIN = VIH or VIL 
I COM'L 10H = -2.6mA 


WCO, ACO 
MIL IOL = 8.0mA 
VCC = MIN., 
COM'L IOL = 12mA 


VOL 
Output LOW Voltage 
VIN = VIH or VIL 
0.5 
Volts 
(Note 5) 
Ao-7, 
DO-7 
MIL 10L = 16mA 


DONE 
COM'L IOL = 24mA 


VIH 
Input HIGH Level (Note 4) 
Guaranteed 
Input Logical HIGH voltage for all inputs 
2.0 
Volts 


VIL 
Input LOW Level (Note 4) 
Guaranteed 
Input Logical LOW voltage for all inputs 
0.8 


VI 
Input Clamp Voltage 
Vce = MIN., IIN = -18mA 
-1.5 
Volts 


Input LOW Current 
DO-7 
-0.15 


IlL 
Vee = MAX., VIN = 0.5V 
mA 


All Others 
-0.8 


DO-7 
150 
IIH 
Input HIGH Current 
Vcc 
= MAX., V1N = 2.7V 
All Others 
40 
p.A 


ICEX 
Output Leakage on DONE 
Vee = MAX., Vo = 5.5V 
250 
p.A 


II 
Input HIGH Current 
Vcc 
= MAX., V1N = 5.5V 
1.0 
mA 


Isc 
Output Short Circuit Current 
Vcc 
= MAX. + 0.5V, Va = 0.5V 
-30 
-85 
mA 
(Note 3) 


Ao-7 
-50 
lOll 
Vec = MAX. 


VOUT = 0.5V 
DO-7 
-150 
Output OFF Current 
OE = 2.4V 
AO-7 
50 
p.A 


IOZH 
VOUT = 2.4V 
DO-7 
150 


TA = 25°C 
170 
275 


Am2940PC, 
DC 
TA = O°C to +70°C 
290 


Ice 
Power Supply Current 
Vcc 
= MAX. 
TA - 
+70°C 
235 
mA 


Am2940DM, 
FM 
Te = -55°C 
to +125°C 
315 


Te = +125°C 
225 


Notes: 
1. For conditions 
shown as MIN. or MAX., use the appropriate 
value specified under Electrical Characteristics 
for the applicable 
device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum 
loading. 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed 
noise immunity and should only be tested in a stalic-, noise-free environment. 


5. IOL limit on Ai and Dj (i = 0 to 7) applies to either output individually, 
but not both at the same lime. The sum of the loading on Ai plus Dj 
is limited to 24mA MIL or 32mA COM'L. 


See Tables A for t5 and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. 


The tables below define the Am2940 switching characteristics. 
Tables A are set-up and hold times relative to the clock 
LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made 
at 1.5V with input levels at OV or 3V. All values are in ns with CL = 50pF except output disable times (OE to A and I to D) 
which are specified for a 5pF load. All times are in ns. 


I. TYPICAL ROOM TEMPERATURE 
CHARACTERISTICS 
(TA = 25°C, Vcc = 5.0V, CL = 50pF) 


A. Set-up and Hold Times 


(Relative to clock 
LOW-to-HIGH 
transition) 


Input 
ts 
th 


00-7 
13 
3 


1012 
33 
2 


ACI 
15 
2 


WCt 
15 
1 
(Note 1) 


.llnput 
ACO 
WCO 
AO•7 
DONE 
00_7 


ACt 
12 
- 
- 
- 
- 


WCI 
- 
12 
- 
27 
- 
(Note 2) 


10_2 
- 
- 
- 
- 
21 


CP 
35 
35 
35 
50 
- 
(Note 3) 


Minimum Clock LOW Time 
20 
ns 


Minimum Clock HIGH Time 
25 
ns 


Maximum Clock Frequency 
22 
MHz 


From 
To 
Disable 
Enable 


1012 
00_7 
25 
19 
ns 


DE 
AO-7 
19 
13 
ns 


A. Set-up and Hold Times 
(Relative to clock 
LOW-to-HIGH transition) 


Input 
ts 
th 


00_7 
21 
4 


1012 
41 
3 


ACt 
27 
3 
wet 
27 
3 
(Note 1) 


Input 
ACO 
WCO 
AO•7 
DONE 
00•7 


ACI 
18 
- 
- 
- 
- 


WCi 
- 
18 
- 
41 
- 
(Note 2) 


10-2 
- 
- 
- 
- 
34 


CP 
50 
50 
48 
77 
- 
(Note 3) 


Minimum Clock lOW TIme 
23 
ns 


Minimum Clock HIGH Time 
30 
ns 


Maximum Clock Frequency 
18 
MHz 


From 
To 
Disable 
Enable 


1012 
00_7 
30 
30 
ns 


DE 
AO_7 
23 
23 
ns 


III. GUARANTEED 
CHARACTERISTICS 
OVER COMMERCIAL 
OPERATING RANGE 


Am2940PC, DC (TA = O°Cto +70°C, VCC = 4.75V to 5.25V, CL = 50pF) 


A. Set-up and Hold Times 


(Relative to clock 


LOW-to-HIGH 
transition) 


Input 
Is 
Ih 
00_7 
24 
5 


1012 
46 
4 


ACI 
30 
4 


WCt 
30 
3 
(Note 1) 


Input 
ACO 
WCO 
AO_7 
DONE 
00-7 


ACI 
20 
- 
- 
- 
- 


WCt 
- 
20 
- 
46 
- 
.(Note2) 


10-2 
- 
- 
- 
- 
37 


CP 
58 
58 
54 . 
85 
(Note 3) 
- 


Minimum Clock LOW Time 
23 
ns 


Minimum 
Clock 
HIGH 
Time 
34 
ns 


MaXimum Clock Frequency 
17 
MHz 


From 
To 
Disable 
Enable 


1012 
00_7 
35 
35 
ns 


DE 
AO_7 
25 
25 
ns 


IV. GUARANTEED 
CHARACTERISTICS 
OVER MILITARY OPERATING RANGE 


Am2940DM, FM (Tc = -55°C 
to +125°C, VCC = 4.5V to 5.5V, CL = 50pF) 


A. Set-up and Hold Times 
(Relative to clock 
LOW-to-HIGH transition) 


Inpul 
Is 
Ih 


00_7 
27 
6 


1012 
49 
5 


ACI 
34 
5 


WCt 
34 
5 
(Note 1) 


Input 
ACO 
WCO 
AO-7 
DONE 
00-7 


ACt 
21 
- 
- 
- 
- 


WCI 
- 
21 
- 
54 
- 
(Note 2) 


10.12 
- 
- 
- 
- 
41 


CP 
64 
64 
62 
88 
- 
(Note 3) 


Notes: 
1. 
Control 
modes 
0, 1, and 
3 only. 


2. 
WCI 
to Done 
occurs 
only 
in control 
modes ° and 
1. 


3. 
CP to Done 
occurs 
only 
in control 
modes 
0, 1, and 
2. 


Minimum Clock LOW TIme 
23 
ns 


MInimum Clock HIGH 
Time 
35 
ns 
I--f-- 


Ma;ltlmum 
Clock Frequency 
16 
MHz 


From 
To 
Disable 
Enable 


1012 
00_7 
42 
42 
ns 


DE 
-- 
- 


AO-7 
30 
30 
ns 


The Am2940 is designed for use in peripheral controllers with 
DMA capability or in any other system which transfers data to or 
from sequential locations of a memory. One or more Am2940's 
can be used in each peripheral controller of a distributed DMA 
system to ~rovide the memory address and word count required 
for DMA operation. 


Figure 3 shows 
a block diagram 
of an example 
micropro- 


grammed 
DMA peripheral controller. The Am2910 
Micropro- 


gram 
Sequencer, 
Microprogram 
Memory, 
and the Microin- 


struction 
Register 
form the microprogram 
control 
portion of 


this peripheral controller. The Am2940 generates the memory 
address and maintains the word count required for DMA op- 
eration. 
An internal 
three-state 
bus provides 
the communi- 


cation 
path 
between 
the 
Microinstruction 
Register, 
the 


Am2917 
Data Transceivers, 
the Am2940, the Am2901A 
Mi- 
croprocessor, and the Device Interface Circuitry. 


The Am2940 interconnections 
are shown in detail in Figure 4. 


Two Am2940's are cascaded to generate a sixteen-bit address. 
The Am2940 ADDRESS and DATA output current sink capability 
is 24mA over the commercial operating range. This allows the 
Am2940's to drive the System Address Bus and Internal Three- 
State Bus directly, thereby eliminating the need for separate bus 
drivers. Three-bits in the Microinstruction 
Register provide the 


Am2940 Instruction Inputs, 10.12, The microprogram clock is used 
to clock the Am2940's 
and, when the ENABLE COUNTERS 


instruction is applied, address and word counting is controlled by 
the CNT bit of the Microinstruction Register. 


Asynchronous interface control circuitry generates System Bus 
control signals and enables the Am2940 Address onto the Sys- 
tem Address Bus at the appropriate time. The open-collector 
DONE outputs are dot-anded and used as a test input to the 
Am2910 Microprogram Sequencer. 


TEST 
INPUT 
+5V 


ACO 
WCO 


10-12 
DONE 


Am2940 


DO-D7 
AO-A7 
'" 
'" 
::> 
"' 
OEA 
::> 
'" 
w 
"' 


::> 


•... 
WCi 
~ 
"' 
0: 
0: 
•... 
a: 
•... 


'" 
a 
0: 
, 
a 


'" 
a 


.... 
0: 
15 
0: 
ACO 
WCO 
:; 
•... 
z 
w 
'" 
a: 
'0-12 
DONE 


•... 
> 
w 
'" 
'" 
•... 
> 
~ 
Am2940 
'" 
DO-D7 
AO-A7 


CLOCK 


ASYNCHRONOUS 
INTERFACE 
CONTROL 
CIRCUITRY 


INTERFACE 
CONTROL 
SIGNALS 


Order the part number according to the table beiow to obtain the desired 
package, temperature 
range, and screening 
level. 


Package 
Operating 
Screening 
Type 
Range 
Level 


Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2940PC 
P-28 
C 
C-1 


AM2940DC 
D-28 
C 
C-1 


AM2940DC-B 
D-28 
C 
B-2 (Note 4) 


AM2940DM 
D-28 
M 
C-3 


AM2940DM-B 
D-28 
M 
B-3 


AM2940FM 
F-28-2 
M 
C-3 


AM2940FM-B 
F-28-2 
M 
B-3 


AM2940XC 
Dice 
C 
} Visual inspection 


AM2940XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak, Number following 


letter is number of leads. See Appendix B for detailed outline. Where 
Appendix 
B contains several dash numbers, any of the variations of 


the package may be used unless otherwise 
specified. 


2. 
C - 
O°C 111-70°C, 
vcc - 
4.75V 
10 5.25V. 


M = -55°.'1' to + 125°C, Vcc = 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform 


to MIL-STO-883, 
Class 
C. Level 
B-3 conforms 
to MIL-STD-883, 


Class B. 
4. 96 hour burn-in 


Note: 
Numbers refer to DIP pin connections. 


DIE SIZE: 
0.178" X 0.181" 


Am2942 
Programmable 
Timer/Counter 
DMA Address Generator 


DISTINCTIVE CHARACTERISTICS 


• 22-pin version of Am2940 - 
Provides multiplexed 
Address and Data lines plus addi- 
tional Instruction Input and Instruction Enable pins. 
• 
Can be used as either 
DMA Address 
Generator 
or Pro- 
grammable Timer Counter. 
• 
Executes 16 instructions - 
Eight DMA instructions plus eight Timer/Counter 
instruc- 
tions 
• 
Provides 
two 
independent 
programmable 
8-bit 
up/down 


counters in a 22-pin package - 
Counters can be cascaded to form single-chip 
16-bit up/ 


down counter. 
• 
Reinitialize capability - 
Counters can be reinitialized from on-chip registers. 
• 
Expandable eight-bit slice - 


Any number of Am2942s 
can be cascaded. 
Three de- 


vices provide a 48 bit counter. 


• 
Programmable control modes - 
Provide four types of control. 


• 
High speed bipolar LSI - 
Advanced 
Low-Power Schottky TTL technology 
provides 


typical count frequency of 25MHz and 24mA output cur- 
rent sink capability. 


GENERAL DESCRIPTION 


The Am2942, a 22-pin version of the Am2940, can be used 
as a high-speed 
DMA Address 
Generator 
or Programmable 


Timer/Counter. 
It provides 
multiplexed 
Address 
and Data 


lines, for use with a common bus, and additional 
Instruction 


Input and Instruction Enable pins. The Am2942 executes 
16 
instructions; 
eight are the same as the Am2940 
instructions, 
and eight instructions facilitate the use of the Am2942 as a 
Programmable 
Timer/Counter. 
The Instruction 
Enable input 


allows the sharing of the Am2942 instruction field with other 
devices. 


When used as a Timer/Counter, the Am2942 provides two in- 
dependent, 
programmable, 
eight-bit, 
up-down 
counters 
in a 


22-pin package. The two on-chip counters can be cascaded to 
form a single chip, 16-bit counter. Also, any number of chips 
can be cascaded 
- 
for example 
three cascaded 
Am2942s 


form a 48-bit timer/counter. 


Reinitialization 
instructions provide the capability to reinitialize 


the counters from on-chip 
registers. Am2942 
Programmable 


Control Modes, identical to those of the Am2940, offer four 
different types of programmable control. 


fJ 


Am2942 ARCHITECTURE 


As shown in the Block Diagram, the Am2942 consists of the 
following: 
• 
A three-bit Control Register. 


• 
An eight-bit Address Counter with input multiplexer. 
• 
An eight-bit Address Register. 


• 
An eight-bit Word Counter with input multiplexer. 


• 
An eight-bit Word Count Register. 


• 
Transfer complete circuitry. 


• 
An eight-bit wide data multiplexer 
with three-state 
output 


buffers. 


• 
An instruction decoder. 


Control 
Register 


Under instruction control, the Control Register can be loaded 
or read from the bidirectional 
DATA lines Do-D7. Control Re- 


gister bits 0 and 1 determine' the Am2942 Control Mode, and 
bit 2 determines whether the Address Counter increments or 
decrements. Figure 1 defines the Control Register format. 


Address 
Counter 


The Address Counter, which provides the current memory ad- 
dress, is an eight-bit, binary, up/down counter with full look- 
ahead carry generation. The Address Carry input (ACI) and 
Address 
Carry Output 
(ACO) allow cascading 
to accommo- 


date larger addresses. Under instruction control, the Address 
Counter can be enabled, disabled, and loaded from the DATA 
inputs, Do-D7, or the Address 
Register. When enabled and 


the ACI 
input 
is LOW, the Address 
Counter 
increments/ 
decrements on the LOW to HIGH transition of the CLOCK in- 
put, CPo 


Address 
Register 


The eight-bit 
Address 
Register saves the initial address so 


that it can be restored later in order to repeat a transfer oper- 
ation. When the LOAD ADDRESS instruction is executed, the 
Address 
Register 
and Address 
Counter 
are simultaneously 


loaded from the DATA inputs, Do-D7. 


Word Counter 
and Word Count Register 


The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the excep- 
tion that the Word Counter 
increments 
in Control 
Modes 
1 
and 3, and decrements in Control Modes 0 and 2. The LOAD 
WORD 
COUNT 
instruction 
simultaneously 
loads the Word 


Counter and Word Count Register. 


Transfer 
Complete 
Circuitry 


The Transfer Complete Circuitry is"a combinational 
logic net- 


work which detects the completion of the data transfer opera- 
tion in three Control Modes and generates the DONE output 
signal. The DONE signal is a open-collector output, which can 
be dot-anded between chips. 


Data Multiplexer 


The Data Multiplexer 
is an eight-bit wide, tnree-input 
multip- 


lexer which allows the Address Counter, Word Counter and 
Control Registerto be read at DATA lines Do-D7. The Data Mul- 
tiplexer output, YO-Y7, is enabled onto DATA lines DO-7 
if and 


only if the Output Enable input, OED, is LOW. (Refer to Figure 
2.) 


Instruction 
Decoder 


The Instruction 
Decoder generates 
required 
internal 
control 


signals as a function of the INSTRUCTION 
inputs, 
10-13 Con- 


trol Register bits 0 and 1, and the INSTRUCTION 
ENABLE 


input, iE. 


Clock 


The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW to HIGH transition of the CP 
signal. 


Control 
Register 


CA, 
I 
CA, 
I 
CAo 


Control 
Mode Type 


HIGH 
when 
Word 
Counter"" 
0 


HIGH 
when 
Word 
Counter 


= Word 
Count 
Reg. 


I 
CR, 
I 
I 
L 
I 
I 
H 
I 


HIGH 
when 


Word 
Counter 
+ 1 


= Word 
Count 
Reg. 


HIGH 
when 
Word 
Counter 
=. Address 
Counter 


Always 
LOW 


Address 
Counter 
I 


Increment 
I 


Decrement 
I 


~ 
00-07 


L 
DATA MULTIPLEXER OUTPUT, YO-Y7 


H 
HIGH Z 


MPR-231 


LOGIC SYMBOL 
CONNECTION DIAGRAM 
Top View 


DIP 
20 


wc, 
VCC 


0, 
19 
WCO 
DONE 
O. 
18 


'E 
Os 
17 
ACI 
ACO 


Am2942 
DATA 
O. 
16 
Do 
0, 


15 
'3 


j'NSTRUCTION 


03 
7 
0, 
O. 


l' 


" 


0, 
6 


13 
0, 
5 
0, 
Os 


12 
'0 
00 
03 
O. 


OED 
iE 
'3 


10 
CLOCK 
DONE 
21 
OEO 
" 


AC' 
WC, 
CLOCK 
" 


GNO 
'0 


Control Mode 0 - 
Word Count Equals Zero Mode 


In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, lff';:;I, is LOW, the Word Counter decrements on the 
LOW to HIGH transition 
of the CLOCK input, CPo Figure 1 


specifies when the DONE signal is generated in this mode. 


Control Mode 1 - 
Word Count Compare Mode 


In this mode the LOAD WORD COUNT instruction loads the word 
count into the Word Count Register and clears the Word Counter. 
When the Word Counter is enabled 
and the Word Counter 


Carry-in, WCI, is LOW, the Word Counter increments on the LOW 
to HIGH transition of the clock input, CPoFigure 1 specifies when 
the DONE signal is generated. 


Control Mode 2 - 
Address Compare Mode 


In this mode, only an initial and final memory address need 
to be specified. The initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 


and serves as a holding register for the final mem~address. 
When the Address Counter is enabled and the ACI input is 
LOW, the Address 
Counter increments 
or decrements 
(de- 


pending on Control Register bit 2) on the LOW to HIGH trans- 
ition of the CLOCK input, CPoThe Transfer Complete Circuitry 
compares 
the Address Counter with the Word Counter and 


generates the DONE signal during the last word transfer, i.e. 
when the Address Counter equals the Word Counter. 


Control Mode 3 - 
Word Counter Carry Out Mode 


For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number 
of data words 
to be transferred. 
When the Word 


Counter 
is enabled 
and the WCI input is LOW, the Word 


Counter 
increments 
on the LOW to HIGH transition 
of the 


CLOCK input, CPo A Word Counter Carry Out signal, WCO, 
indicates the last data word is being transferred. 
The DONE 


signal is not required in this mode and, therefore, 
is always 


LOW. 


Am2942 INSTRUCTIONS 


The Am2912 instruction set consists of sixteen instructions. 
Eight are DMA Instructions and are similar to the Am2940 
instructions. The remaining eight instructions are designed to 
facilitate the use of the Am2942 as a Programmable Timer/ 
Counter. Figures 3 and 4 define the Am2942 Instructions. 


Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input 00-02 
into the Con- 


transition of the CLOCK input, CPoThus, with this instruction 
applied, counting can be controlled by the carry inputs. 


The REINITIALIZE 
COUNTERS instruction also is Control 


Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans- 
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 


HEX 
I; 
13 
12 
I, 
10 
CODE 


0 
0 
0 
0 
0 
0 
WRITE CONTROL 
REGISTER 


0 
0 
0 
0 
1 
1 
READ CONTROL 
REGISTER 
z 
0 
0 
0 
1 
0 
2 
READ WORD COUNTER 
en 
-1 
0 
0 
0 
1 
1 
3 
READ ADDRESS 
COUNTER 
:Dc 
0 
0 
1 
0 
0 
4 
REINITIALIZE 
COUNTERS 
c:~ 


0 
0 
1 
0 
1 
5 
LOAD ADDRESS 
~» 
6 
0 
0 
1 
1 
0 
6 
LOAD WORD COUNT 
Z 


0 
0 
1 
1 
1 
7 
ENABLE COUNTERS 
en 


1 
0 
X 
X 
X 
0-7 
INSTRUCTION 
DISABLE 


0 
1 
0 
0 
0 
8 
WRITE CONTROL 
REGISTER, 
T/C 


0 
1 
0 
0 
1 
9 
REINITIALIZE 
ADDRESS 
COUNTER 
z::i 
0 
1 
0 
1 
0 
A 
READ WORD COUNTER, 
T/C 
en~ 
-1m 
0 
1 
0 
1 
1 
B 
READ ADDRESS 
COUNTER, 
T/C 
:D2;! 
0 
1 
1 
0 
0 
C 
REINITIALIZE 
ADDRESS 
& WORD COUNTERS 
c:n 
no 
0 
1 
1 
0 
1 
D 
LOAD ADDRESS, 
T/C 
::i§ 


0 
1 
1 
1 
0 
E 
LOAD WORD COUNT, T/C 
0-1 
zm 
0 
1 
1 
1 
1 
F 
REINITIALIZE 
WORD COUNTER 
en:D 


1 
1 
X 
X 
X 
8-F 
INSTRUCTION 
DISABLE, T/C 


o ~ LOW 
1 = HIGH 
X = DON'T CARE 


Notes: 
1. When 
13 is tied LOW, the Am2942 
acts as a DMA circuit: 
When 13 is tied HIGH, the Am2942 
acts 
as a Timer/Counter 
circuit. 


2. Am2942 
instructions 
0 through 
7 are the same as Am2940 
instructions. 


trol Register; DATA inputs DTD7 are "don~t care" inputs for 
this instruction. The READ CONTROL REGISTER instruction 
gates the Control Register to Data Multiplexer outputs YO'Y2 
Outputs Y3-Y7 are HIGH during this instruction. 


The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter to Data 
Multiplexer outputs, YO·Y7. The LOAD WORD COUNT instruc- 
tion is Control Mode dependent. In Control Modes 0, 2, and 3, 
DATA inputs 00-07 
are written into both the Word Count Re- 


gister and Word Counter. In Control Mode 1,DATA 
inputs 
00-07 are written into the Word Count Register and the Word 
Counter is cleared. 


The READ ADDRESS COUNTER instruction gates the Ad- 
dress Counter to Data Multiplexer outputs, YO-Y7, 
and the 


LOAD ADDRESS instruction writes DATA inputs 00-07 
into 
both the Address Register and Address Counter. 


In Control Modes 0, 1, and 3, the ENABLE COUNTERS in- 
struction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the 
Word Counter holds its contents. When enabled and the carry 
input is active, the counters increment on the LOW to HIGH 


cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 


When ~ is HIGH, Instruction inputs, 10-12, are disabled. If 13 is 
LOW, the function 
performed 
is identical 
to that of the 


ENABLE COUNTERS instruction. Thus, counting can be con- 
trolled by the carry inputs with the ENABLE COUNTERS in- 
struction applied or with Instruction Inputs 10-12 disabled. 


Instructions 8-F facilitate the use of the Am2942 as a Pro· 
grammable Timer/Counter. They differ from instructions 0-7 in 
that they provide independent control of the Address Counter, 
Word Counter and Control Register. 


The WRITE CONTROL REGISTER, T/C instruction writes 
DATA input 00-02 
into the Control Register. DATA inputs 


03-07 are "don't care" inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 


The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 


The Word Counter 
can be read, 
using the READ WORD 


COUNTER, TIC instruction. Both counters are enabled when 
this instruction is executed. 


When the READ ADDRESS 
COUNTER, 
TIC instruction 
is 


executed, both counters are enabled and the address counter 
contents appear at the Data Multiplexer output. 


The REINITIALIZE 
ADDRESS 
and WORD 
COUNTERS 
in- 


struction provides the capability to reinitialize both counters at 
the same time. The Address Counter contents appear at the Data 
Multiplexer output. 


DATA inputs Do-D7 are loaded into both the Address Register 
and Counter when the LOAD ADDRESS, 
TIC instruction 
is 


executed. The Word Counter is enabled and its contents ap- 
pear at the Data Multiplexer output. 


The LOAD WORD COUNT, TIC instruction is identical to the 
LOAD WORD COUNT instruction with the exception that Ad- 
dress Counter is enabled. 


The Word Counter can be independently 
reinitialized 
using 


the 
REINITIALIZE 
WORD 
COUNTER 
instruction. 
The Ad- 


dress Counter is enabled and the Word Counter contents ap- 
")ear at the Data Multiplexer output. 


When the ~ 
input is HIGH, Instruction inputs, 10-12, are dis- 


abled. The function pertormed when 13 is HIGH is identical to 
that pertormed when 13 is LOW, with the exception that the 
Word Counter contents appear at the Data Multiplexer output. 


Data 


13121110 
Control 
Word 
Word 
Adr. 
Adr. 
Control 
Multiplexer 
~ 
(Hex) 
Function 
Mnemonic 
Mode 
Reg. 
Counter 
Reg. 
Counter 
Reg. 
Output 


L 
° 


WRITE 
CONTROL 
WRCR 
0,1,2,3 
HOLD 
HOLD 
HOLD 
HOLD 
00-2-+ 
CR 
FORCED 


REGISTER 
HIGH 


L 
1 
READ 
CONTROL 
RDCR 
0,1,2,3 
HOLD 
HOLD 
HOLD 
HOLD 
HOLD 
CONTROL 


REGISTER 
REG. 


L 
2 
READ 
WORD 
RDWC 
0,1,2,3 
HOLD 
HOLD 
HOLD 
HOLD 
HOLD 
WORD 


COUNTER 
COUNTER 


L 
3 
READ 
ADDRESS 


RDAC 
0,1,2,3 
HOLD 
HOLD 
HOLD 
HOLD 
HOLD 
ADR. 


COUNTER 
COUNTER 


REINITIALIZE 
0,2,3 
HOLD 
WR-+WC 
HOLD 
AR -+ AC 
HOLD 
ADR. 
CNTA. 


L 
4 
COUNTERS 
REIN 
1 
HOLD 
ZERO-+WC 
HOLD 
AR -+ AC 
HOLD 
ADA. 
CNTR. 


L 
5 
LOAD 
LOAD 
0,1,2,3 
HOLD 
HOLD 
o ...•AR 
o -+AC 
HOLD 
WORD 


ADDRESS 
COUNTER 


LOAD 
WORD 
0,2,3 
D-+WR 
D-+WC 
HOLD 
HOLD 
HOLD 
FORCED 
HIGH 
L 
6 
COUNT 


LDWC 
1 
0-+ 
WR 
ZERO-+WC 
HOLD 
HOLD 
HOLD 
FORCED 
HIGH 


ENABLE 
0,1,3 
HOLD 
ENABLE 
HOLD 
ENABLE 
HOLD 
ADR. 
CNTR. 


L 
7 
COUNTERS 
ENCT 
2 
HOLD 
HOLD 
HOLD 
ENABLE 
HOLD 
ADR. 
CNTR. 


INSTRUCTION 
0,1,3 
HOLD 
ENABLE 
HOLD 
ENABLE 
HOLD 
ADR. 
CNTR. 
H 
0-7 
- 


DISABLE 
2 
HOLD 
HOLD 
HOLD 
ENABLE 
HOLD 
ADR. 
CNTR. 


L 
8 
WRITE 
CONTROL 
WCRT 
0,1,2,3 
HOLD 
ENABLE 
HOLD 
ENABLE 
00_2 -+ CR 
CONTROL 
REGISTER, 
TIC 
REG. 


L 
9 
REIN ITIALIZE 


REAC 
0,1,2,3 
HOLD 
ENABLE 
HOLD 
AR -+AC 
HOLD 
ADR. 


ADR. 
COUNTER 
COUNTER 


L 
A 


READ 
WORD 
RWCT 
0,1,2,3 
HOLD 
ENABLE 
HOLD 
ENABLE 
HOLD 
WORD 


COUNTER, 
TC 
COUNTER 


L 
B 
READ 
ADDRESS 
RACT 
0,1,2,3 
HOLD 
ENABLE 
HOLD 
ENABLE 
HOLD 
ADR. 


COUNTER, 
TIC 
COUNTER 


REINITIALIZE 
0,2,3 
HOLD 
WR -+WC 
HOLD 
AR-+ 
AC 
HOLD 
ADA. 
CNTR. 
L 
C 
ADDRESS 
AND 
RAWC 


WORD 
COUNTERS 
1 
HOLD 
ZERO-+WC 
HOLD 
AR -+AC 
HOLD 
ADR. 
CNTR. 


L 
0 
LOAD 
LDAT 
0,1,2,3 
HOLD 
ENABLE 
0-+ 
AR 
o ...•AC 
HOLD 
WORD 


ADDRESS, 
TIC 
COUNTER 


LOAD 
WORD 
0,2,3 
D •..• WR 
o -+WC 
HOLD 
ENABLE 
HOLD 
FORCED 
HIGH 
L 
E 
COUNT, 
TIC 


LWCT 
- 
1 
o -+WR 
ZERO 
•..•WC 
HOLD 
ENABLE 
HOLD 
FORCED 
HIGH 


REINITIALIZE 
0,2,3 
HOLD 
WR •..• WC 
HOLD 
ENABLE 
HOLD 
WD. 
CNTR. 


L 
F 
WORD 
COUNTER 
REWC 


1 
HOLD 
ZERO 
•..•WC 
HOLD 
ENABLE 
HOLD 
WD. 
CNTR. 


INSTRUCTION 
0,1,3 
HOLD 
ENABLE 
HOLD 
ENABLE 
HOLD 
WD. 
CNTR. 
H 
8-F 
- 
DISABLE, 
TIC 
2 
HOLD 
HOLD 
HOLD 
ENABLE 
HOLD 
WD. CNTR. 


WR ~ WORD 
REGISTER 
WC ~ WORD 
COUNTER 
AR ~ ADDRESS 
REGISTER 


AC = ADDRESS 
COUNTER 


CR - 
CONTROL 
REGISTER 
o ~ DATA 


MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life may 
be impaired) 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 


DC Voltage 
Applied 
to Outputs 
for High 
Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 


DC Input 
Current 


- 65°C 
to + 150°C 


- 55°C 
to + 125°C 


-O.5V 
to +7.0V 


-O.5V 
to Vcc 
max. 


-O.5V 
to +5.5V 


30mA 


-30mA 
to +5.0mA 


OPERATING 
RANGE 


PIN 


Am2942PC, 
DC 


Am2942DM, 
FM 


Temperature 


TA = O°C to +70°C 


Te = -55° 
to +125°C 


Vcc 
= 5.0V ;:5'); 


Vec = 5.0V ;:10'); 


Vcc 


(MIN. = 4.75V 
MAX. = 5.25V) 


(MIN. = 4.50V 
MAX. = 5.50V) 


Typ. 


Min. 
(Note 2) 
Max. 


VOH 
Output HIGH Voltage 
Vec 
= MIN., 
I MIL IOH = -1.0mA 
2.4 
Volts 
VIN = V1H or VIL 
I COM'L IOH - 
-2.6mA 


WCO, ACO 
MIL IOL = 8.0mA 


VOL 
Output LOW Voltage 
Vcc 
= MIN., 
COM'L IOL = 12mA 
0.5 
Volts 


VIN = VIH or VIL 
DO-7' DONE 
MIL IOL - 
16mA 


COM'L IOL = 24mA 


VIH 
Input HIGH Level (Note 4) 
Guaranteed 
Input Logical HIGH voltage for all inputs 
2.0 
Volts 


VIL 
Input LOW Level (Note 4) 
Guaranteed 
Input Logical LOW voltage for all inputs 
0.8 


VI 
Input Clamp Voltage 
Vcc 
= MIN., IIN = -18mA 
-1.5 
Volts 


DO-7 
-0.15 
mA 
IlL 
Input LOW Current 
Vec 
= MAX., VIN ~ 0.5V 
All Others 
-0.8 


DO-7 
150 
IIH 
Input HIGH Current 
Vec 
= MAX., VIN = 2.7V 
All Others 
40 
p.A 


leEx 
Output Leakage on DONE 
Vcc 
= MAX., Vo = 5.5V 
250 
p.A 


II 
Input HIGH Current 
Vcc 
= MAX., VIN = 5.5V 
1.0 
mA 


Isc 


Output Short Circuit Current 
Vcc 
= MAX. + 0.5V, Vo = 0.5V 
-30 
-85 
mA 
(Note 3) 


IOZL 
Vcc 
~ MAX. 
I 
Your 
= 0.5V 
I 
DO-7 
-150 


IOZH 


Output OFF Current 
OE = 2.4V 
I 
Your 
= 2.4V 
I 
DO-7 
150 
p.A 


TA = 25°C 
155 
250 


TA = O°C to +70°C 
265 


Ice 
Power Supply Current 
Vec 
= MAX. 
Am2942PC, 
DC 
TA = +70°C 
mA 
220 


Am2942DM, 
FM 
Tc - 
-55°C 
to +125°C 
285 


Te = +125°C 
205 


Notes: 
1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics 
for the applicable device type. 
2. Typical limits are at Vcc 
= 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed 
noise immunity and should only be tested in a static-, noise-free environment. 


See 
Tables 
A for ts and 
th for various 


inputs. 
See Tables 
B for combinational 


delays 
from 
clock 
and 
other 
inputs 
to 
outputs. 


The tables below define the Am2942 switching characteristics. 
Tables A are set-up and hold times relative 
10 me 
ClOCK 


LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V 
with inpullevels 
at OVor 3V. All values are in ns with CL = 50pF except output disable times (I to 0) which are specified for a 5pF 


load. All times are in ns. 


I. TYPICAL ROOM TEMPERATURE CHARACTERISTICS 
(TA = 25°C, Vcc = 5.0V, CL = 50pF) 


A. Sel-u~ and Hold Times 


(Relative to clock 


LOW-to-HIGH transition) 


Inpul 
Is 
Ih 


°0_7 
13 
3 


1012 
33 
2 


ACI 
15 
2 


WCI 
15 
1 


Inpul 
ACO 
WCO 
DONE 
00_7 


ACI 
12 
- 
- 
- 


WCI 
- 
12 
27 
- 
(Nole 1) 


10-2 
- 
- 
- 
21 


CP 
35 
35 
50 
37 
(Nole 2) 


Minimum 
Clock 
LOW 
Time 
20 
ns 


Minimum 
Clock 
HIGH 
Time 
30 
ns 


Maximum 
Clock 
Frequency 
28 
MHz 


A. Set-up and Hold Times 


(Relative to clock 


LOW-to-HIGH transition) 


Inpul 
Is 
Ih 


00_7 
21 
4 


1012 
41 
3 


ACI 
27 
3 


WCI 
27 
3 


Inpul 
ACO 
WCO 
DONE 
00•7 


ACI 
18 
- 
- 
- 


WCI 
- 
18 
41 
- 
(Note 1) 


10-2 
- 
- 
- 
34 


CP 
50 
50 
77 
53 
(Note 2) 


Minimum 
Clock 
LOW 
Time 
23 
ns 


Minimum 
Clock 
HIGH 
Time 
30 
ns 


Maximum 
Clock 
Frequency 
22 
MHz 


III. GUARANTEED CHARACTERISTICS 
OVER COMMERCIAL OPERATING RANGE 
Am2942PC. DC (TA = O°C to +70°C, VCC = 4.75V to 5.25V, CL = 50pF) 


A. Set-up and Hold Times 


(Relative to clock 
LOW-to-HIGH transition) 


Inpul 
Is 
Ih 


00·7 
24 
6 


10\2 
46 
5 


ACI 
30 
4 


WCI 
30 
3 


Input 
ACO 
WCO 
DONE 
00_7 


ACI 
20 
- 
- 
- 


WCI 
- 
20 
46 
- 
(Nole 1) 


10-2 
- 
- 
- 
37 


CP 
58 
58 
85 
59 
(Nole 2) 


Minimum 
Clock 
LOW 
Time 
23 
ns 


Minimum 
Clock 
HIGH 
Time 
34 
ns 


Maximum 
Clock 
Frequency 
20 
MHz 


IV. GUARANTEED CHARACTERISTICS 
OVER MILITARY OPERATING RANGE 
Am2942DM, FM (Tc = -55°C 
to +125°C, VCC = 4.5V to 5.5V, CL = 50pF) 


A. Set-up and Hold Times 


(Relative to clock 


LOW-to-HIGH transition) 


Inpul 
Is 
Ih 


°0_7 
27 
7 


1012 
49 
5 


ACI 
34 
5 


WCI 
34 
5 


Inpul 
ACO 
WCO 
DONE 
00_7 


ACI 
21 
- 
- 
- 


WCI 
- 
21 
54 
- 


(Nole 1) 


10-2 
- 
- 
- 
41 


CP 
64 
64 
88 
68 
(Nole 2) 


Minimum 
Clock 
LOW 
Time 
23 
ns 


Minimum 
Clock 
HIGH 
Time 
35 
ns 


Maximum 
Clock 
Frequency 
15 
MHz 


Notes: 
WCI to Done Occurs only in control modes ° and 1. 
2. CP to Done occurs only in control modes 0, 1, and 2. 


APPLICATIONS 


Figure 6 shows an Am2942 
used as two independent, 
pro- 


grammable 
eight-bit 
timer/counters. 
In this 
example, 
an 


Am2910 
Microprogram 
Sequencer 
provides 
an address 
to 


Am27S27 
512 x 8 Registered 
PROMs. The on-chip 
PROM 


output register is used as the Microinstruction Register. 


The Am2942 
Instruction input, 13, is tied HIGH to select the 


eight Timer/Counter 
instructions. The ~ 
10-12, and OED inputs 
are provided by the microinstruction, and the 00-07 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate 
enable 
controls 
for the respective 
Word 


Counter a d Address Counter. The DONE, ACO and WCO 


output signals indicate that a pre-programmed 
time or count 


has been reached. 


Figure 
7 shows 
an Am2942 
used as a single 
16-bit 
pro- 


grammable timer/counter. 
In this example, the Word Counter 
carry-out, WCO, is connected to the Address Counter carry-in, 
ACI, to form a single 16-bit counter which is enabled by the 
GATE signal. 


Figure 
8 shows 
two Am2942s 
cascaded 
to form 
a 32-bit 


programmable timer/counter. The two Word Counters form the 
low order 
16 bits, and the two Address 
Counters 
form the 


high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time. 


OTHER I 
TEST 


INPUTS 
Am2910 


MICROPROGRAM 
SEQUENCER 


YO·Y'1 


OTHER 
co 
Am2910 
CP 
TEST 
MUX 
MICROPROGRAM 
SEQUENCER 
INPUTS 


YO·Y'1 


Am27S27 
REGISTERED 
PROMS 


MICROINSTRUCTION 
REG 
CP 


OTHER 


iE 
10.12 
CLOCK 
WCO 


Am2942 
WCI 
GATE 


ACO 
ACi 


+SV 


OTHER 
TEST 
INPUTS 


Package Type 
Operating 
Range 
Screening 
level 


Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2942PC 
P-22 
C 
C-1 


AM2942DC 
D-22 
C 
C-1 


AM2942DCT6 
D-22 
C 
6-2 (Note 4) 
AM2942DM 
D-22 
M 
C-3 


AM2942DM-6 
D-22 
M 
6-3 


AM2942FM 
F-22 
M 
C-3 


AM2942FM-6 
F-22 
M 
6-3 


AM2942XC 
Dice 
C 
} 


Visual inspection 


AM2942XM 
Dice 
M 
to Mll-STD-B83 
Method 20106. 


Notes: 
1. P = Molded 
DIP, D = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
B for detailed 
outline. 


Where Appendix 
6 contains several dash numbers, any of the variations 
of the package may be used unless otherwise 
specified. 


2. C = O°C to +70°C, Vcc = 4.75V to 5.25V, M = - 55°C to +125°C, 
Vcc = 4.50V to 5.50V. 


3. See Appendix 
A for details of screening. 
levels 
C-1 and C-3 conform to Mll-STD-663, 
Class C. level 
6-3 conforms 
to Mll-STD-663, 
Class 6. 


4. 96 hour burn-in. 


Am2946· 
Am2947 
Octal 3-State Bidirectional 
Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


• 
8-bit bidirectional data flow reduces system package count 
• 
3-state inputs/outputs for interfacing with bus-oriented 
systems 
• 
PNP inputs reduce input loading 
• 
Vcc-1.15V 
VOH interfaces with TTL, MOS and CMOS 


• 
48mA, 300pF bus drive capability 


• 
Am2946 has inverting transceivers 


• 
Am2947 has non-inverting transceivers 


• 
TransmiVReceive and Chip Disable simplify control logic 


• 
20-pin ceramic and molded DIP package 
• 
Low power - 8mA per bidirectional bit 


• 
Advanced Schottky processing 


• 
Bus port stays in hi-impedance state during power up/down 


• 
100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am2946 and Am2947 are 8-bit 3-state Schottky transceiv- 
ers. They provide bidirectional 
drive for bus-oriented 
micro- 


processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 24mA drive capability 
on the A ports and 48mA bus drive capability on the B ports. PNP 
inputs are incorporated to reduce input loading. 


One input, TransmiVReceive 
determines the direction of logic 


signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a 3-state 
condition. Chip Disable is functionally the same as an active LOW 
chip select. 


The output 
high voltage 
(VOH) 
is specified 
at Vcc-1.15V 


minimum to allow interfacing with MOS, CMOS, TTL, ROM, RAM 
or microprocessors. 


CHIP 
DISABLE 


CO 


TRANSMIT/ 


RECEIVE 
riA" 


CONNECTION DIAGRAM 
Top View 


Am2946 
Am2947 
Package Type 
Operating 
Screening 
Level 
Order Number 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2946PC 
AM2947PC 
P-20-1 
C 
C-1 


AM2946DC 
AM2947DC 
D-20-1 
C 
C-1 


AM2946DC-B 
AM2947DC-B 
D-20-1 
C 
B-1 
AM2946DM 
AM2947DM 
D-20-1 
M 
C-3 
AM2946DM-B 
AM2947DM-B 
D-20-1 
M 
B-3 


} 


Visual inspection 
AM2946XC 
AM2947XC 
Dice 
C 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 


contains several dash numbers, any of the variations 
of the package may be used unless otherwise 
specified. 


2. C = 0 to 70·C, VCC = 4.75V to 5.25V, M = -55 
to + 125OC,VCC = 4.50V to 5.50V. 


3. See Appendix A for details of screening. 
Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
4. 96 hour burn-in. 


Am2946 
Am2947 


vcc 
vcc 


20 
20 
Aa 
1 
,. 
Bo 
Aa 
1 
1· 
Bo 


A, 
2 
18 
B, 
A, 
2 
18 
B, 


A, 
3 
17 
B, 
A, 
3 
17 
B, 


A3 • 


16 
B3 
A3 • 
16 
B3 


Ao 
15 
B_ 
A_ 
S 
15 
B_ 


As 
6 
" 


Bs 
As 
6 
" 
Bs 
•.• 
7 
13 
B, 
A, 
7 
13 
B, 


A, 
8 
A, 
8 


co • 
12 
B, 
co • 


12 
B, 


GNO 
10 
11 
T/R 
GNO 
10 
11 
T/R 


DIE SIZE 0.069" 
X 0.089" 
01E SIZE 0.069" 
X 0.089" 


Am2946 
• Am2947 
ABSOLUTE 
MAXIMUM 
RATINGS 
(Above 
which 
the 
useful 
life may 
be impaired) 


Storage 
Temperature 


Supply Voltage 


Input 
Voltage 


Output 
Voltage 


Lead 
Temperature 
(Soldering, 
10 seconds) 


-65 
to +150°C 


7.0V 


5.5V 


5.5V 


300°C 


ELECTRICAL 
CHARACTERISTICS 
The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Noted: 


MIL 
TA = -55 
to +125°C 
VeeMIN 
= 4.5V 
VeeMAX 
= 5.5V 


COM'I- 
TA = 0 to 70°C 
VeeMIN 
= 4.75V 
VeeMAX 
~ 5.25V 


DC ELECTRICAL 
CHARACTERISTICS 
over 
operating 
temperature 
range 
Typ 
(Note 1) 


A PORT (AO·A7l 


VIH 
Logical "1" Input Voltage 
CD = Vil 
MAX, T/R = 2.0V 
2.0 
Volts 


CIl 
= Vil 
MAX, 
COM'L 
0.8 


Vil 
Logical "0" Input Voltage 
Volts 
T/R = 2.0V 
MIL 
0.7 


VOH 
Logical "1" Output Voltage 
CQ. = Vil 
MAX, 
10H = -Oo4mA 
Vee-1.15 
Vee-0.7 
Volts 
T/R = 0.8V 
10H = -3.0mA 
2.7 
3.95 


Val 


CQ. = V1l MAX, 
10l = 12mA 
0.3 
004 
Logical "0" Output Voltage 
Volts 
T/R =0.8V 
COM'L, 
10l = 24mA 
0.35 
0.50 


los 
Output Short Circuit Current 
CD = Vil 
MAX, T/R = O.av, Va = OV, 
-10 
-38 
-75 
mA 
Vee 
= MAX, Note 2 


IIH 
Logical "1" Input Current 
CD = Vil 
MAX, T/R 
= 2.0V, VI = 2.7V 
0.1 
80 
I"A 


II 
Input Current at Maximum Input Voltage 
CD = 2.0V, Vee 
= MAX, VI = Vee 
MAX 
1 
mA 


III 
Logical "0" Input Current 
CD = Vil 
MAX, T/R 
= 2.0V, VI = Oo4V 
-70 
-200 
I"A 


Ve 
Input Clamp Voltage 
CD = 2.0V, 'IN = -12mA 
-0.7 
-1.5 
Volts 


100 
OutpuVlnput 
3-State Current 
Va = Oo4V 
-200 
CD = 2.0V 
I"A 
Va = 4.0V 
80 


B PORT (Bo-B7l 


VIH 
Logical "1" Input Voltage 
CD = Vil 
MAX, T/R = Vil 
MAX 
2.0 
Volts 


Cg, =V1l 
MAX, 
COM'L 
0.8 


Vil 
Logical "0" Input Voltage 
Volts 
T/R = Vil 
MAX 
MIL 
0.7 


10H = -Oo4mA 
Vee-1.15 
Vee-0.8 


VOH 
Logical "1" Output Voltage 
Cg, = V1l MAX, 
10H = -5mA 
2.7 
3.9 
Volts 


T/R = 2.0V 
10H = -10mA 
204 
3.6 


CD = Vil 
MAX, 
10l = 20mA 
0.3 
0.4 
Val 
Logical "0" Output Voltage 
Volts 
T/R 
= 2.0V 
10l = 48mA 
004 
0.5 


los 
Output Short Circuit Current 
CD = Vil 
MAX, T/R = 2.0V, Va = av, 
-25 
-50 
-150 
mA 
Vee 
= MAX, Note 2 


IIH 
Logical "1" Input Current 
CD = Vil 
MAX, T/R = Vil 
MAX, VI = 2.7V 
0.1 
80 
I"A 


II 
Input Current at Maximum Input Voltage 
CD = 2.0V, Vee 
= MAX, VI = Vee 
MAX 
1 
mA 


lil 
Logical "0" Input Current 
CD = Vil 
MAX, T/R = Vil 
MAX, VI = Oo4V 
-70 
-200 
I"A 


Ve 
Input Clamp Voltage 
CD = 2.0V, IIN = -12mA 
-0.7 
-1.5 
Volts 


100 
OutpuVlnput 
3-State Current 
Va = Oo4V 
-200 


CD = 2.0V 
I"A 
Va = 4.0V 
200 


CONTROL INPUTS CD, TIR 


VIH 
Logical "1" Input Voltage 
2.0 
Volts 


Vil 


COM'L 
0.8 


Logical "0" Input Voltage 


MIL 
Volts 
0.7 


IIH 
Logical "1" Input Current 
VI = 2.7V 
0.5 
20 
I"A 


II 
Input Current at Maximum Input Voltage 
Vee 
= MAX, VI = Vee 
MAX 
1.0 
mA 


III 
Logical "0" Input Current 
VI = Oo4V 
I T/R 
-0.1 
-.25 
mA 


CD 
-0.1 
-.25 


Ve 
Input Clamp Voltage 
IIN ~ -12mA 
-0.8 
-1.5 
Volts 


POWER SUPPLY CURRENT 


Am2946 
CD = VI = 2.0V, Vee 
= MAX 
70 
100 


Ice 
Power Supply Current 


CD = Oo4V,VINA ~ T/R = 2V, Vee = MAX 
100 
150 


CD = 2.0V, VI = Oo4V,Vee 
= MAX 
mA 


Am2947 
70 
100 


CD = VINA = Oo4V,T/R = 2V, Vee = MAX 
90 
140 


Am2946· 
Am2947 


Am2946 
AC ELECTRICAL 
CHARACTERISTICS 
(Vcc = 5.0V, TA = 25°C) 
Typ 


(Note 1) 


A PORT DATA/MODE SPECIFICATIONS 


tpOHLA 
Propagation 
Delay to a Logical "0" from 
CD = OAV, T/R = 0.4V (Figure 1) 
8 
12 
ns 
B Port to A Port 
R, = 1k, R2 = 5k, C, = 30pF 


tpOLHA 
Propagation 
Delay to a Logical "1" from 
CD = OAV, T/R = OAV (Figure 1) 
11 
16 
ns 
B Port to A Port 
R, = 1k, R2 = 5k, C, = 30pF 


tpLZA 
Propagation 
Delay from a Logical "0" to 
Bo to B7 = 2AV, T/R = OAV (Figure 3) 
10 
15 
ns 
3-5tate 
from CD to A Port 
53 = 1, Rs = 1k, C4 = 15pF 


tpHZA 
Propagation 
Delay from a Logical "1" to 
Bo to B1' = OAV, T/R = OAV (Figure 3) 
8 
15 
ns 
3-5tate from CD to A Port 
53 = 0, Rs = 1k, C4 = 15pF 


tpZLA 
Propagation 
Delay from 3-5tate 
to 
Bo to B7 = 2.4V, T/R = 0.4V (Figure 3) 
20 
30 
ns 
a Logical "0" from CD to A Port 
53 = 1, Rs = 1k, C4 = 30pF 


tpZHA 
Propagation 
Delay from 3-5tate to 
Bo to B7 = OAV, T/R = OAV (Figure 3) 
19 
30 
ns 
a Logical "1" from CD to A Port 
53 = 0, Rs = 5k, C4 = 30pF 


B PORT DATA/MODE SPECIFICATIONS 


CD = OAV, T/R = 2AV (Figure 1) 
I 
12 
18 
Propagation 
Delay to a Logical "0" from 


tpOHLB 
A Port to B Port 
R, = 1000, R2 = 1k, C, = 300pF 
ns 


R, = 6670, 
R2 = 5k, C, = 45pF 
7 
12 


CD = OAV, T/R = 2AV (Figure 1) 
T 
Propagation 
Delay to a Logical "1" from 
15 
20 


tpOLHB 
A Port to B Port 
R, = 1000, R2 = 1k, C, = 300pF 
ns 


R, = 6670, 
R2 = 5k, C, 4 45pF 
9 
14 


tpLZB 
Propagation 
Delay from a Logical "0" to 
Ao to A7 = 2AV, T/R = 2AV (Figure 3) 
13 
18 
ns 
3-5tate from CD to B Port 
53 = 1, Rs = 1k, C4 = 15pF 


tpHZB 
Propagation 
Delay from A Logical "1" to 
Ao to A7 = OAV, T/R = 2AV (Figure 3) 
8 
15 
ns 
3-5tate from CD to B Port 
53 = 0, Rs = 1k, C4 = 15pF 


Propagation 
Delay from 3-5tate 
to 


Ao to A7 = 2AV, T/R = 2.4V (Figure 3) I 


25 
35 
tpZLB 
a Logical "0" from CD to B Port 
I 53 = 1, Rs = 1000, C4 = 300pF 
ns 


I 53 = 1, Rs = 6670, 
C4 = 45pF 
16 
25 


Propagation 
Delay from 3-5tate to 


Ao to A7 = OAV, T/R = 2AV (Figure 3) I 


22 
35 
tpZHB 
a Logical "1" from CD to B Port 
183 = 0, Rs = 1k, C4 = 300pF 
ns 


I 53 = 0, Rs = 5kO, C4 = 45pF 
14 
25 


TRANSMIT/RECEIVE 
MODE SPECIFICATIONS 


Propagation 
Delay from Transmit Mode 


CD = OAV (Figure 2) 


tTRL 
to Receive a Logical "0," TiR to A Port 
5, = 1, R4 = 1000, C3 = 5pF 
23 
35 
ns 


52 = 1, R3 = 1k, C2 = 30pF 


Propagation 
Delay from Transmit 
Mode 
CD = 0.4V (Figure 2) 


tTRH 
to Receive a Logical "1," TiR to A Port 
8, = 0, R4 = 1000, C3 = 5pF 
22 
35 
ns 


52 = 0, R3 = 5k, C2 = 30pF 


Propagation 
Delay from Receive Mode 
CD = OAV (Figure 2) 


tRTL 
to Transmit a Logical "0," T/R to B Port 
8, = 1, R4 = 1000, C3 = 300pF 
26 
35 
ns 


52 = 1, R3 = 3000, 
C2 = 5pF 


Propagation 
Delay from Receive Mode 
CD = OAV (Figure 2) 


tRTH 
to Transmit a Logical "1," T/R to B Port 
5, = 0, R4 = 1k, C3 = 300pF 
27 
35 
ns 


52 = 0, R3 = 3000, 
C2 = 5pF 


Notes: 
1. All typical values given are for Vcc = 5.0V and TA = 25'C. 
2. Only one output at a time should be shorted. 


Inputs 
Conditions 


Chip Disable 
0 
0 
, 


TransmiVReceive 
0 
1 
X 


A Port 
Out 
In 
HI-Z 


B Port 
In 
Out 
HI-Z 


Am2947 
AC ELECTRICAL 
CHARACTERISTICS 
(Vcc = 5.0V, 
TA = 25°C) 


Typ 


(Note 1) 


A PORT DATA/MODE SPECIFICATIONS 


tPDHLA 
Propagation Delay to a Logical "0" from 
CD = OAV, T/R = OAV (Figure 1) 
14 
18 
ns 
8 Port to A Port 
R, = 1k, R2 = 5k, C, = 30pF 


tpOLHA 
Propagation Delay to a Logical "1" from 
CD =OAV, T/R = 0.4V (Figure 1) 
13 
18 
ns 
8 Port to A Port 
R, = 1k, R2 = 5k, C, = 30pF 


tpLZA 
Propagation Delay from a Logical "0" to 
80 to 87 = 0.4V, T/R = OAV (Figure 3) 
11 
15 
ns 
3-5tate from CD to A Port 
53 = 1, Rs = 1k, C4 = 15pF 


tpHZA 
Propagation Delay from a Logical "1" to 
80 to 87 = 2AV, T/R = OAV (Figure 3) 
8 
15 
ns 
3-5tate from CD to A Port 
53 = 0, Rs = 1k, C4 = 15pF 


tpZLA 
Propagation Delay from 3-5tate to 
80 to 87 = OAV, T/R = OAV (Figure 3) 
27 
35 
ns 
a Logical "0" from CD to A Port 
53 ~ 1, Rs ~ 1k, C4 ~ 30pF 


tpZHA 


Propagation Delay from 3-5tate to 
80 to 87 = 2AV, T/R = OAV (Figure 3) 
19 
25 
ns 
a Logical "1" from CD to A Port 
53 ~ 0, Rs ~ 5k, C4 = 30pF 


B PORT DATA/MODE SPECIFICATIONS 


CD = OAV, T/R = 2AV (Figure 1) 
I 
18 
23 
tpOHLB 
Propagation Delay to Logical "0" from 


! I R, = 100n, R2 = 1k, C, = 300pF 
ns 
A Port to 8 Port 


! I R, = 6670, R2 ~ 5k, C1 ~ 45pF 
11 
18 


CD = OAV, T/R = 2AV (Figure 1) 
I 
16 
23 
Propagation Delay to Logical "1" from 
I R, = 100n, R2 = 1k, C, = 300pF 
tpOLHB 
A Port to 8 Port 
ns 
I R, = 667n, R2 ~ 5k, C, ~ 45pF 
11 
18 


tpLZB 
Propagation Delay from a Logical "0" to 
Ao to A7 = OAV, T/R = 2AV (Figure 3) 
13 
18 
ns 
3-5tate from CD to 8 Port 
53 ~ 1, Rs = 1k, C4 = 15pF 


tpHZB 


Propagation Delay from a Logical "1" to 
Ao to A7 = 2AV, T/R = 2AV (Figure 3) 
8 
15 
ns 
3-5tate from CD to 8 Port 
53 = 0, Rs = 1k, C4 = 15pF 


Propagation Delay from 3-5tate to 


Ao to A7 = OAV, T/R = 2AV (Figure 3) I 
32 
40 
tpZLB 
a Logical "0" from CD to 8 Port 
183 = 1, Rs = 100n, C4 = 300pF 
ns 


183 = 1, Rs = 667n, C4 = 45pF 
16 
22 


Propagation Delay from 3-8tate to 


Ao to A7 ~ 2AV, T/R ~ 2AV (Figure 3) I 
26 
35 


tpZHB 
a Logical "1" from CD to 8 Port 
I 83 = 0, Rs = 1k, C4 = 300pF 
ns 
I 83 = 0, Rs = 5kn, C4 = 45pF 
14 
22 


TRANSMIT/RECEIVE 
MODE SPECIFICATIONS 


Propagation Delay from Transmit Mode 
CD = OAV (Figure 2) 


tTRL 
to Receive a Logical "0," TiR to A Port 
81 = 0, R4 = 100n, C3 = 5pF 
30 
40 
ns 


82 = 1, R3 = 1k, C2 = 30pF 


Propagation Delay from Transmit Mode 
CD = OAV (Figure 2) 


tTRH 
to Receive a Logical "1," T/R to A Port 
81 
~ 1, R4 ~ 100n, C3 =5pF 
28 
40 
ns 


82 = 0, R3 = 5k, C2 = 30pF 


Propagation Delay from Receive Mode 
CD = OAV (Figure 2) 


tRTL 
to Transmit a Logical "0," TiR to 8 Port 
8, = 1, R4 = 100n, C3 = 300pF 
31 
40 
ns 


82 = 0, R3 ~ 300n, C2 = 5pF 


Propagation Delay from Receive Mode 
CD = 0.4V (Figure 2) 


tRTH 
to Transmit a Logical "1," TiR to 8 Port 
8, 
= 0, R4 = 1k, C3 = 300pF 
28 
40 
ns 


82 = 1, R3 = 300n, C2 = 5pF 


Notes: 1. All typical values given are for Vcc 
= 5.0V and TA = 25'C. 
2. Only one output at a time should be shorted. 


AO·A7 
A port 
inputs/outputs 
are receiver 
output 
drivers 
when 
CD 


T/R 
is 
LOW 
and 
are 
transmit 
inputs 
when 
T/R 
is 


HIGH. 
TiR 


Chip Disable 
forces 
all output 
drivers 
into 3-state 
when 


HIGH (same 
function 
as active 
LOW chip select, 
CS). 


TransmiVReceive 
direction 
control 
determines 
whether 


A port or B port drivers 
are in 3-state. 
With T/R 
HIGH, 


A port 
is the 
input 
and B port 
is the output. 
With 
T/R 


LOW, A port is the output 
and B port is the input. 


BO·B7 B port 
inputs/outputs 
are transmit 
output 
drivers 
when 
T/R; is HIGH and receiver 
inputs 
when 
T/R is LOW. 


Am2946 
~ 
3.0V 


An~;~:~' 
5V 
'_.5V 
~ 
'f 
OV 


:: 
I'I'~:" 
··j,w,,-I 


Bn OR An 


------' 


Figure 1. Propagation Delay from A Port to B Port 
or from B Port to A Port. 
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Note: 
C4 includes 
test fixture 
capacitance. 


Port input is in a fixed logical condition. 


B PORT 


Vcc 


PORT 
OUTPUT 


VCC 


Am2948 • Am2949 
Octal 3-State Bidirectional 
Bus Transceivers 


DISTINCTIVE 
CHARACTERISTICS 


• 
8-bit bidirectional data flow reduces system package count 


• 
3-state inputs/outputs for interfacing with bus-oriented 
systems 
• 
PNP inputs reduce input loading 


• 
Vcc 
- 
1.15V VOH interfaces with TTL, MOS and CMOS 


• 
48mA, 300pF bus drive capability 
• 
Am2948 has inverting transceivers 
• 
Am2949 has non-inverting transceivers 
• 
Separate TRANSMIT and RECEIVE enables 


• 
20-pin ceramic and molded DIP package 


• 
Low power - 
8mA per bidirectional bit 
• 
Advanced Schottky processing 


• 
Bus port stays in hi-impedance state during power up/down 


• 
100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL 
DESCRIPTION 


The Am2948 and Am2949 are 8-bit 3-state Schottky transceiv- 
ers. They provide bidirectional 
drive for bus-oriented 
micro- 
processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 24mA drive capability 
on the A ports and 48mA bus drive capability on the B ports. PNP 
inputs are incorporated to reduce input loading. 


Separate TRANSMIT and RECEIVE enables are provided for 
microprocessor 
systems with separated read and write control 


bus lines. 


The output 
high voltage 
(VOH) 
is specified 
at Vcc-1.15V 


minimum to allow interfacing with MOS, CMOS, TTL, ROM, RAM 
or microprocessors. 


Am2949 
LOGIC 
DIAGRAM 


CONNECTION 
DIAGRAM 


Top 
View 


Am2950 • Am2951 
Eight-Bit Bidirectional 
I/O Ports 


CPR 
CPR 


aR 
aR 


Ao 
Ao 


A, 
A, 


A, 
A, 


AJ 
AJ 


A, 
A, 


As 
As 
.•. 
.•. 


A, 
A, 


QO 
Do 
QO 
Do 


Q, 
0, 
Q, 
0, 


Q, 
0, 
Q, 
0, 


Q3 
OJ 
QJ 
OJ 


Q, 
0, 
Q, 
0, 


Qs 
0, 
QS 
0, 


Q, 
0, 
Q, 
0, 


CPs 
CPs 


CE, 
CES 


vcc 
VCC 


DISTINCTIVE CHARACTERISTICS 


• 
Eight-Bit, Bidirectional I/O Port with Handshake - 
Two eight-bit, back-to-back registers store data moving in both 
directions between two bidirectional busses. 


• 
Register Full/Empty Flags - 
On-chip flag flip-flops provide data transfer handshaking 
signals. 


• 
Separate Clock, Clock Enable and Three-State Output Enable 
for Each Register. 


• 
Separate, Edge-Sensitive Clear Control for Each Flag 
Flip-Flop. 


• 
Inverting and Non-Inverting Versions - 
The Am2950 provides non-inverting data outputs. The 
Am2951 provides inverting data outputs. 


• 
24mA Output Current Sink Capability. 


• 
100% Reliability Assurance Testing in Compliance with 
MIL-STD-883. 


GENERAL DESCRIPTION 


The Am2950 and Am2951, members of Advanced Micro Devices 
Am2900 Family, are designed for use as parallel data I/O ports. 
Two eight-bit, back to back registers store data moving in both 
directions between two bidirectional, 3-state busses. On chip flag 
flip-flops, set automatically when a register is loaded, provide the 
handshaking 
signals 
required 
for demand-response 
data 
transfer. 


Considerable flexibility is designed into the Am2950 • Am2951. 
Separate clock, clock enable and three-state output enable sig- 
nals are provided for each register, and edge-sensitive 
clear 
inputs are provided for each flag flip-flop. A number of these 
circuits can be used for wider I/O ports. Both inverting and non-in- 
verting versions are available. 


Twenty-four mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am2950 • Am2951. 


CLRS 
OEAS 
CPR 
CER 


AO 
BO 
18 


A1 
91 
17 


A2 
92 
16 


A3 
B3 
15 


A. 
Am2951 


B4 
I' 


AS 
95 
13 


A6 
10 
fa 


A7 
9 


FS 
FR 
11 


CES 
CPS 
OE9R 
CLRR 


23 
2. 
19 
12 


MPA-576 


A3 
A2 


A' 
A1 


97 
28 
VCC 
AS 
AO 
96 
27 
A7 
ClRS 
ClEAS 
FR 
26 
A6 


FS 
CPS 
CLRR 
25 
FS 


CES 


95 
2' 
CLRS 
A6 


9. 
23 
AS 
A7 
GND 
93 
A' 
Am29SO 
22 


VCC 
CEA 
92 
Am2951 
21 
A3 


97 
CPA 
91 
20 
A2 


90 
19 
Al 
96 
5EBR 
ClE9R 
18 
AO 


FA 
90 
CPR 
17 
OeAS 


CLRR 
91 
CEA 
16 
CPS 


GND 
15 
CES 
95 
92 


9' 
93 


Note: 
Pin 1 is marked for orientation. 
Si is inverted on Am2951. 
MPA-585 
MPA-577 


DEFINITION 
OF FUNCTIONAL 
TERMS 


AG-7 
Eight bidirectional lines carrying the R Register inputs or 
S Register outputs. 


80-7 
Eight bidirectional lines carrying the S Register inputs or 
R Register outputs. 


CPR 
The clock for the R Register and FR Flip-Flop. When CER 
is LOW, data is entered into the R Register and the FR 
Flip-Flop is set on the LOW to HIGH transition of the CPR 
signal. 


CER 
The Clock Enable for the R Register and FR Flip-Flop. 
When CER is LOW, data is entered into the R Register 
and the FR Flip-Flop is seton the LOW to HIGH transition 
of the CPR signal. When CER is HIGH, The R Register 
and FR Flip-Flop hold their contents, regardless of CPR 
signal transitions. 


DEBR 
The 0ptput 
Enable for the R Register. When OEBR is 
LOW, The R Register three-state outputs are enabled 
onto the BO-7Iines. When OEBR is HIGH, the R Register 
outputJ are in the high-impedance state. 
FR 
The FR Flip-Flop output. 


CLRR 
The clear control for the FR Flip-Flop. The FR Flip-Flop is 
cleared on the LOW to HIGH transition of CLRR signal. 


CPS 
The clock for the S Register and FS Flip-Flop. When CES 
is LOW, data is entered into the S Register and the FS 
Flip-Flop is set on the LOW to HIGH transtion of the CPS 
signal. 


CES 
The clock enable for the S Register and FS Flip-Flop. 
When CES is LOW, data is entered into the S Register 
and the FS Flip-Flop is set on the LOW to HIGH transition 
of the CPS signal. When CES is HIGH, the S Register and 
FS Flip-Flop hold their contents, regardless of CPS signal 
transitions. 


OEAS 
The output enable for the S Register. When OEAS is 
LOW, the S Registerthree-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH, the S Register 
outputs are in the high-impedance state. 


FS 
The FS Flip-Flop output. 


CLRS 
The clear control for the FS Flip-Flop. The FS Flip-Flop is 
cleared on the LOW to HIGH transition of CLRS signal. 


Inputs 
Internal 


D 
CP 
CE 
a 
Function 


X 
X 
H 
NC 
Hold Data 


L 
t 
L 
L 
Load Data 


H 
t 
L 
H 


Internal 
Y·Outputs 
- 
a 
Am2950 
Am2951 
Function 
OE 


H 
X 
Z 
Z 
Disable Outputs 


L 
L 
L 
H 


L 
H 
H 
L 
Enable Outputs 


FLAG FLlP·FLOP FUNCTION TABLE 


(Applies to R or S Flag Flip-Flop) 


Inputs 


CE 
CP 
CLR 
F-Output 
Function 


H 
X 
4- 
NC 
Hold Flag 


X 
X 
t 
L 
Clear Flag 


L 
t 
4- 
H 
Set Flag 


~ HIGH 
= LOW 
= Don't Care 
~ High Impedance 


NC = NO CHANGE 
t 
= LOW-to-HIGH 
Transition 
4- 
= NO LOW-to-HIGH 
Transition 


I 
. 
ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature 
range, and screening level. 


Screening 
Level 
(Note 3) 


C-1 
C-1 
B-2 (Note 4) 


C-3 
B-3 
C-3 
B-3 


} 


Visual inspection 
to MIL-STD-883 
Method 2010B. 


P ~ Molded DIP, D ~ Hermetic DIP, F ~ Flat Pak. Number following letter is number of leads. See Appendix B for 
detailed outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used 
unless otherwise specified. 
2. C ~ O°C to + 70°C, Vcc 
= 4.75V fa 525V, 
M = - 
55°C to +125°C, 
Vcc 
= 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, 
Class B. 


4. 96 hour burn-in. 


AM2950PC 
AM2950DC 
AM2950DC-B 
AM2950DM 
AM2950DM-B 
AM2950FM 
AM2950FM-B 


AM2951PC 
AM2951DC 
AM2951 DC-B 
AM2951DM 
AM2951DM-B 
AM2951FM 
AM2951FM-B 


Package Type 


(Note 1) 


Operating 
RangE' 


(Note 2) 


P-28 
D-28 
D-28 
D-28 
D-28 
F-28-2 
F-28-2 


MAXIMUM 
RATINGS 
(Above 
which 
the 
useful 
life may 
be impaired) 


Storage 
Temperature 


Temperaturel(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 
Continuous 


DC Voltage 
Applied 
to Outputs 
for High 
Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 


DC Input 
Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V 
to + 7.0V 


-O.5V 
to + VCC 
max. 


-O.5V 
to +5.5V 


30mA 


-30mA 
to +5.0mA 


Part Number 


Am2950/51 PC, DC 


Am2950/51 OM, FM 


Temperature 


TA = O°C to +70°C 


TC = -55°C 
to +125°C 


vcc 


VCC = 5.0V ±5% 
(MIN. = 4.75V, MAX. =5.25V) 


VCC = 5.0V ±10% 
(MIN. = 4.50V, MAX. = 5.50V) 


Am2950, 
Am2951 
DC CHARACTERISTICS 
OVER OPERATING 
RANGE 
Typ. 
Min. 
(Note 2) 
Max. 
Units 


FR, FS 
10H = -lmA 
2.4 
3.4 


VOH 
Output HIGH Voltage 
VCC = MIN. 
MIL, 10H = -2mA 
2.4 
3.4 
Volts 
VIN = VIH or VIL 
AO-7, BO-7 
COM'L, 
10H = -6.5mA 
2.4 
3.4 


FR, FS 
10L = 12mA 
0.5 


VOL 
Output LOW Voltage (Note 5) 
VCC = MIN. 
MIL 10L ~ 16mA 
0.5 
Volts 
VIN = VIH or VIL 
AD-7, BO-7 
COM'L 10L = 24m A 
0.5 


VIH 
Input HIGH Level 
Guaranteed 
input logical HIGH 
2.0 
Volts 


I 
voltage for all inputs 


VIL 
Input LOW Level 
Guaranteed 
input logical LOW 
0.8 
Volts 


voltage for all inputs 


VI 
Input Clamp Voltage 
VCC = MIN., IIN = -18mA 
-1.5 
Volts 


AD-7, BO-7 
-250 
/-LA 


ilL 
Input LOW Current 
VCC ~ MAX., VIN = 0.5V 
CLRR,CLRS 
-2.0 
mA 


Others 
-360 
/-LA 


AO-7, BO-7 
70 


IIH 
Input HIGH Current 
VCC = MAX., VIN = 2.7V 
CLRR,CLRS 
100 
/-LA 


Others 
20 


II 
Input HIGH Current 
VCC = MAX., VIN = 5.5V 
1.0 
mA 


Output Off-state 
VO = 2.4V 
70 


10 
VCC = MAX. 
AO-7, BO-7 
/-LA 
Leakage Current 
VO ~ O.4V 
-250 


ISC 
Output Short Circuit Current 
VCC = MAX. 
-30 
-85 
mA 
(Note 3) 


TA = 25°C 
156 
263 


TA = O°C to +70°C 
275 


ICC 
Power Supply Current 
COM'L 


(Notes 4, 6) 
VCC = MAX. 
TA = +70°C 
228 
mA 


Tc = -55°C 
to +125°C 
309 


MIL 
Tc - 
+125°C 
202 


Notes: 
1. For conditions 
shown as MIN. or MAX., use the appropriate 
value specified 
under Electrical Characteristics 
for the applicable 
device type. 
2. Typical limits are at VCC = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. ICC is measured with all inputs at 4.5V and all outputs open. 
5. The sum of 10L into Ai and Bi for each i must not exceed 32mA COM'L, 24mA MIL at a given point in time. 
6. Worst case ICC is at minimum temperature. 


The tables below define the Am 2950 • Am2951 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-te-HIGH transition. Tables B are propagation delays. Tables C are recovery times. Tables D are pUlse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OVor 3V. All values are in ns with RL 
on Ai and Bi = 2200 and RL on FS and FR = 3000. CL == 50pF except output disable times which are specified at CL = 5pF. 


A. Set-up and Hold Times 
(With respect to clock 
LOW-to-HIGH 
transition.) 


With 
Input 
Respect To 
ts 
th 


AO-7 
CPS S 
2 
0 


BO-7 
CPR S 
2 
0 


CES 
CPS S 
9 
0 


CER 
CPR S 
9 
0 


Input 
AO-7 
BO-7 
FS 
FR 


CPS] 
15 
- 
13 
- 


CPR J 
- 
15 
- 
13 


CLRSJ 
- 
- 
11 
- 


CLRRI 
- 
- 
- 
11 


Min. LOW 
Min. HIGH 
Input 
Pulse Width 
Pulse Width 


CPS 
15 
15 


CPR 
15 
15 


CLRS 
15 
15 


CLRR 
15 
15 


From 
To 
tREC 


CLRsT 
CPSj" 
17 


CLRRj" 
CPR] 
17 


From 
To 
Disable 
Enable 


OEAS 
AO-7 
15 
16 


OEBR 
BO-7 
15 
16 


With 
Input 
Respect To 
ts 
th 


AO-7 
CPS S 
BO-7 
CPR S 


CES 
CPS S 


CER 
CPR S 


Input 
Ao·7 
Bo-7 
FS 
FR 


CPS] 
- 
- 


CPR J 
- 
- 


CLRSJ 
- 
- 
- 


CLRRI 
- 
- 
- 


Min. LOW 
Min. HIGH 
Input 
Pulse Width 
Pulse Width 


CPS 


CPR 


CLRS 


CLRR 


From 
To 
tREC 


CLRS r CPSj" 


CLRR] 
CPRS 


From 
To 
Disable 
Enable 


OEAS 
AO-7 


OEBR 
BO-7 


GUARANTEED CHARACTERISTICS 
OVER COMMERCIAL OPERATING RANGE 


(TA = ooe to +70oe. vee 
= 4.75 to 5.25V) 


With 
Input 
Respect To 
ts 
th 


AO-7 
CPS S 
7 
5 


BO-7 
CPR S 
7 
5 


CES 
CPS S 
15 
4 


CER 
CPR S 
15 
4 


Input 
AO-7 
80-7 
FS 
FR 


CPS 
j 
26 
- 
20 
- 


CPR J 
- 
26 
- 
20 


CLRSJ 
- 
- 
22 
- 


CLRRI 
- 
- 
- 
22 


Min. LOW 
Min. HIGH 


Input 
Pulse Width 
Pulse Width 


CPS 
20 
20 


CPR 
20 
20 


CLRS 
20 
20 


CLRR 
20 
20 


From 
To 
tREC 


CLRSj 
CPSj" 
31 


CLRRj" cpRj 
31 


From 
To 
Disable 
Enable 


OEAS 
AO-7 
22 
27 


OEBR 
BO-7 
22 
27 


GUARANTEED CHARACTERISTICS 
OVER MILITARY OPERATING RANGE 


(Tc = -55°e 
to + 125°e. vee = 4.5 to 5.5V) 


With 
Input 
Respect To 
ts 
th 


AO-7 
CPS S 
11 
8 


BO-7 
CPR S 
11 
8 


CES 
CPS S 
15 
4 


CER 
CPR S 
15 
4 


Input 
AO-7 
80-7 
FS 
FR 


CPS 
j 
28 
- 
20 
- 


CPR J 
- 
28 
- 
20 


CLRSJ 
- 
- 
22 
- 


CLRRI 
- 
- 
- 
22 


Min. LOW 
Min. HIGH 


Input 
Pulse Width 
Pulse Width 


CPS 
20 
20 


CPR 
20 
20 


CLRS 
20 
20 


CLRR 
20 
20 


From 
To 
tREC 


CLRSj 
CPSj" 
34 


CLRRj 
CPRS 
34 


From 
To 
Disable 
Enable 


OEAS 
AO-7 
24 
28 


OEBR 
BO-7 
24 
28 


Am2950 
• Am2951 
- 
-Q-"- 
•• _"._ 
•••• , 
allows it to be used in any type of computer system, including 
Am2900, 8080, 8085, 8086, Z80, and Z8000 systems. 


Figure 1 shows an Am2950 used to store data moving in both 
directions between a bidirectional system data bus and a bidirec- 


Figure 2 shows a multiple I/O port system using Am2950's. Two 
Am2950's are used at each port to interface the 16-bit system 
data bus. The Am2950 flags are used to generate 1/0 interrupt 
requests. 


I CPR 


FR 
H 
D 
a 
DATA 
READY 
FR 


CLRR I 


CLOCK 


CLOCK 
CER 
DATA 
TAKEN 
ENABLE 
OUTPUT 
ENABLE 
OEBR 


A 
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S 
REG 


CP 
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FS 
CE 
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CP 


ClRS 
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va 
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Am2954 • Am2955 
Octal Registers with Three-State 
Outputs 


• 
Eight-bit, high-speed parallel registers 
• 
Am2954 has non-inverting inputs 
• 
Am2955 has inverting inputs 
• 
Positive, edge-triggered, D-type flip-flops 
• 
Buffered common clock and buffered common three-state 
control 
• 
VOL = 0.5V (max) at 10L= 32mA 


• 
High-speed - 
Clock to output 11ns typical 
• 
100% product assurance screening to MIL-STD-883 
requirements 


The Am2954 and Am2955 are 8-bit registers built using high- 
speed Schottky technology. The registers consist of eight D-type 
flip-flops with a buffered common clock and a buffered 3-state 
2 


output control. When the output enable (OE) input is LOW, the 
eight outputs are enabled. When the OE input is HIGH, the 
outputs are in the 3-state condition. 


Input data meeting the set-up and hold time requirements of the 
o inputs is transferred to the Y outputs on the LOW-to-HIGH 
transition of the clock input. 


The devices 
are packaged 
in a space-saving 
(0.3-inch 
row 


spacing) 20-pin package. 


LOGIC DIAGRAM 
Am2954 


OE 


OUTPUT 
ENABLE 


Yo 
Y, 
Y, 
Y, 
Y, 
Y, 
Y. 
Y, 


Inputs 00 through 07 are invertedon the Am2955. 


BLI·110 


CONNECTION DIAGRAMS - 
Top Views 
LOGIC SYMBOLS 


vcc 
V, 
0, 0, 
V. 
Vs 
05 0, 
v, 
CP 
8 
13 ,. 
17 
18 


00 
0, 
0, 


11 
CP 


Am2954 


OE 


OE 
Vo 
Do 0, 
v, 
v, 0, 
0, 
Y3 
GND 


9 
12 
15 
16 
19 


Vcc 
Y7 
0, 
0, 
v. 
Vs 
Ds 
D, 
v, 
CP 
8 
13 ,. 
17 
18 


11 
CP 


Am2955 


OE 


Vo 
Do 
D, 
v, 
v, 
D, 
D, 
v, 
GND 


VCC = Pin 20 


9 
12 
15 
16 
19 
GNO = Pin 10 
Note: Pin 1 is markedfor orientation. 
BLI-111 
BL\·112 


2-301 


Am2954 
• Am2955 


ELECTRICAL 
CHARACTERISTICS 


The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Specified: 


Am2954XC, 
DC, PC 
Am2955XC, 
DC, PC 
TA = 0 to 70°C 
Am2954XM, 
OM, FM 
Am2955XM, 
OM, FM 
TC = -55 
to +125°C 


Vee = 4.75 to 5.25V 
Vee = 4.50 to 5.50V 


Typ 
(Note 2) 


Vee = MIN 
MIL, 10H = -2.0mA 
2.4 
3.4 


VOH 
Output HIGH Vottage 
Votts 
VIN = V1H or VIL 
COM'L, 10H - 
-6.5mA 
2.4 
3.1 


Vee = MIN 
10L = 20mA 
.45 
VOL 
Output LOW Vottage 
Votts 
VIN = V1H or VIL 
10L = 32mA 
.5 


V1H 
Input HIGH Level 
Guaranteed 
input logical HIGH 
2.0 
Volts 
vottage for all inputs 


V1L 
Input LOW Level 
Guaranteed 
input logical LOW 
0.8 
Votts 
vottage for all inputs 


VI 
Input Clamp Vottage 
Vee = MIN, IIN = -18mA 
-1.2 
Votts 


IlL 
Input LOW Current 
Vee = MAX, VIN = 0.5V 
-250 
p.A 


IIH 
Input HIGH Current 
Vee = MAX, VIN = 2.7V 
50 
p.A 


II 
Input HIGH Current 
Vee = MAX, V1N = 5.5V 
1.0 
mA 


Off-State (High-Impedance) 
Vo = 0,5V 
-50 
loz 
Output Current 
Vee = MAX 
Vo = 2.4V 
50 


p.A 


Isc 


Output Short Circuit Current 
Vee = MAX 
-40 
-100 
mA 
(Note 3) 


Ice 


Power Supply Current 
Vee = MAX 
90 
140 
mA 
(Note 4) 


Notes: 
1. For conditions 
shown as MIN or MAX use the appropriate 
value specified under Electrical Characteristics 
for the applicable 
device type. 


2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum 
loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Am2954 measured at CLK = LOW-to-HIGH, 
OE = HIGH, and all data inputs are LOW. 
Am2955 measured at CLK = LOW-to-HIGH, 
OE = HIGH, and all data inputs are LOW. 


MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life may 
be impaired) 


Storage 
TeJ,perature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 
(Pin 
16 to Pin 8) Continuous 


DC Voltage 
Applied 
to Outputs 
for HIGH 
Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
Into Outputs 


DC Input 
Current 


-65 
to +150°C 


-55 
to +125°C 


-0.5 
to + 7.0V 


-0.5V 
to +Vee 
max 


-05 
to 
+5.5V 


30mA 


-30 
to +5.0mA 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature 
range, and screening level. 


Am2954 
Am2955 
Package Type 
Ope 
Ing Range 
Screening 
Level 
Order Number 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2954PC 
AM2955PC 
P-20-1 
C 
C-1 
AM2954DC 
AM2955DC 
D-20-1 
C 
C-1 


AM2954DC-B 
AM2955DC-B 
D-20-1 
C 
B-1 
AM2954DM 
AM2955DM 
D-20-1 
M 
C-3 
AM2954DM-B 
AM2955DM-B 
D-20-1 
M 
B-3 
AM2954FM 
AM2955FM 
F-20 
M 
C-3 
AM2954FM-B 
AM2955FM-B 
F-20 
M 
B-3 


AM2954XC 
AM2955XC 
Dice 
C 
} Visual inspection 


AM2954XM 
AM2955XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded DIP:D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. Where Appendix B 


contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 
2. C = 0 to 70·C, VCC = 4.75V to 5.25V, M = -55 
to + 125·C, VCC = 4.50V to 5.50V. 
3. See Appendix A for details of screening. 
Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


DEFINITION OF FUNCTIONAL TERMS 
FUNCTION TABLE 


Di 
The 0 flip-flop 
data 
inputs 
(Am2954, 
non-inverting). 
Inputs 
Internal 
Outputs 
0; 
The 0 flip-flop 
data 
inputs 
(Am2955, 
inverting). 
Function 
OE 
Clock 
Am29540i 
Am29550i 
OJ 
Vi 


CP 
Clock 
Pulse 
for the register. 
Enters 
data 
on the 
LOW-to- 
H 
L 
x 
X 
NC 
Z 


Hi-Z 
HIGH 
transition. 
H 
H 
X 
X 
NC 
Z 


Vi 
The 
register 
three-state 
outputs 
(Am2954, 
non-inverting). 
L 
t 
L 
H 
L 
L 


LOAD 
L 
t 
H 
L 
H 
H 
OE Output 
Control. 
An active-LOW 
three-state 
control 
used 
to 
REGISTER 
H 
t 
L 
H 
L 
Z 


enable 
the outputs. 
A HIGH 
level 
input 
forces 
the outputs 
H 
t 
H 
L 
H 
Z 


to the high 
impedance 
(off) state. 


H=HIGH 
NC = No Change 


L = LOW 
Z = High Impedance 
X = Don't Care 
t = LOW-to-HIGH 
transition 


Am2954 • Am2955 


Parameters 
Description 
Min 
Typ 
Max 
Units 
Test Conditions 


tpLH 
8 
15 
ns 


tpHL 
Clock to Output, Yi 


11 
17 
ns 
CL = 15pF 


tZH 
OE to Yi 


8 
15 
ns 
RL = 2800 


tZL 
11 
18 
ns 


tHZ 
OE to Yi 


5 
9 
ns 
CL = 5pF 


tLZ 
7 
12 
ns 
RL = 2800 


I 
HIGH 
6 
ns 


tpw 
Clock Pulse Width 
I 
LOW 
7.3 
ns 


ts 
5 
CL = 15pF 


ns 
RL = 2800 
Data to Clock 
tH 
2 
ns 


fmax 
Maximum Clock Frequency 
(Note 1) 
75 
100 
MHz 


Note: 
1. Per industry convention, 
fmox is the worst case value of the maximum device operating 
frequency with no constraints 
on tr• tf. pulse width or 
duty cycle. 


DO 
3 
18 07 
0;; 
3 
18 
D, 


0, 
4 
17 06 
D, 
4 
17 0;; 


v, 
5 
16 
Y6 
v, 
5 
16 
v. 


V2 
6 
15 
Ys 
V2 
6 
15 
v. 


O2 
7 
14 05 
0, 
7 
14 
Os 


03 
8 
13 04 
0, 
8 
13 
54 


20 
Vec 
OE 
1 


19 
Y7 
Yo 
2 


20 
Vec 


19 
Y7 


12 
Y4 
Y3 
9 


11 
CP 
GND 
10 


12 
Y4 


11 
cp 


INCOMING 
DATA BUS 


04 
050607 
Os 09010011 
0,2013014015 
DO 01 O2 03 
04 
05 
06 07 
Os 09010011 
0,2°1301.0,5 


B 
ADDRESS 
ADDRESS 
Am27S07 
Am27S07 
Am27S07 
Am27S07 
Am27S07 
Am27S07 
Am27S07 
Am27S07 


We 
We 


SCHOTTKYINPUnOUTPUT 
CURRENT INTERFACE CONDITIONS 


Am2956 • Am2957 


Octal Latches with Three-State 
Outputs 


• 8 latches in a single package 
• Am2956 has non-inverting 
outputs 
• Am2957 has inverting 
outputs 
• VOL= 0.5V (max) at IOL= 32mA 
• 
Three-state outputs interface directly with bus organized 
systems 
• 
Hysteresis on latch enable input for improved 
noise mar- 


gin 
• 
High speed - Clock to output 12ns typical 


• 
100% product assurance screening to MIL-STD-883 
requirements 


The Am2956 is an octal latch with 3-state outputs for bus 
organized system applications. The latching flip-flops appear 
to be transparent to the data (data changes asynchronously) 
when latch enable, G, is HIGH. When G is LOW, the data that 
meets the set-up times is latched. Data appears on the bus 
when the output enable, OE, is LOW. When OE is HIGH the 
bus output is in the high-impedance 
state. 


LOGIC DIAGRAM 
Am2956 


CONNECTION DIAGRAM 


Top View 


Am2958 • Am2959 


Octal Buffers/Line 
Drivers/Line 
Receivers with Three-State 
Outputs 


• 
Three-state 
outputs 
drive 
bus lines 
directly 
• 
Advanced 
Schottky 
processing 
• 
Hysteresis 
at inputs 
improve 
noise 
margin 


• 
PNP inputs 
reduce 
D.C. loading 
on bus lines 
• 
VOL of 0.55V 
at 65mA 
for 
commercial-range 
product; 


48mA 
for 
military-range 
product 
• 
Data-to-olJtput 
propagation 
delay 
times: 


Inverting 
- 
7.0ns 
MAX 
Non-inverting 
- 
9.0ns 
MAX 


• 
Enable-to-output 
- 
15.0ns 
MAX 
• 
100<7, reliability 
assurance 
testing 
in compliance 
with 


MIL-STD-883 
• 
20-pin 
hermetic 
and 
molded 
DIP packages 


These 
bufferslline 
drivers. 
used as memory-address 
drivers. 


clock 
drivers. 
and 
bus oriented 
transmitters/receivers. 
pro- 
vide 
improved 
PC board 
density. 
The 
outputs 
of the 
com- 


mercial 
temperature 
range 
versions 
have 
64mA 
sink 
and 
15mA 
source 
capability. 
which 
can 
be used 
to drive 
termi- 


nated 
lines 
down 
to 1330. 
The outputs 
of the 
military 
tem- 


perature 
range 
versions 
have 48mA 
sink and 
12mA 
source 
current 
capability. 


Featuring 
0.2V 
minimum 
guaranteed 
hysteresis 
at 
each 


low-current 
PNP data 
input. 
they 
provide 
improved 
noise 
rejection 
and 
high-fan-out 
outputs 
to restore 
Schottky 
TTL 
levels 
completely. 


The 
Am2958 
and 
Am2959 
have 
four 
buffers 
enabled 
from 
one 
common 
line. 
and the 
other 
four 
buffers 
enabled 
from 
another 
common 
line. 
The 
Am2958 
is inverting. 
while 
the 
Am2959 
presents 
true 
data 
at the 
outputs. 


CONNECTION DIAGRAMS 
Top Views 


Am2958 
Am2959 


iG 
vcc 
TO 
vcc 


'" 
2G 
,., 
2G 


2Y' 
lYl 
2Y' 
lYl 


,.2 
2" 
,.2 
2M 


2Y3 
lY2 
2Y3 
lY2 


"3 
2.3 
,.3 
2'3 


2Y2 
lY3 
2Y2 
lY3 


1M 
2.2 
I.' 
2.2 


2Yl 
lY' 
2Yl 
lY' 


GND 
'" 
GND 
'" 
BLI-137 
BLI-138 


ORDERING INFORMATION 


Am2958 
Am2959 
Package Type 
Operating Range 
Screening Level 


Order Number 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM2958PC 
AM2959PC 
P-20-1 
C 
C-1 


AM2958DC 
AM2959DC 
0-20-1 
C 
C-1 


AM2958DC-B 
AM2959DC-B 
0-20-1 
C 
B-1 
AM2958DM 
AM2959DM 
0-20-1 
M 
C-3 
AM2958DM-B 
AM2959DM-B 
0-20-1 
M 
B-3 


Am2958XC 
Am2959XC 
Dice 
C 
} 
Visual inspection 


Am2958XM 
Am2959XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 1. P = Molded DIP, 0 = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B fordetailedoutline. 
Where Appendix 


B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0 to 70·C, VCC = 4.75V to 5.25V, M = -55 
to +125·C, VCC = 4.50V to 5.50V. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883. 


Am2958 
Am2959 


'AI 
IVI 
'AI 
'V, 
lA' 
IVI 
'AI 
'VI 


lA' 
IV' 
'A' 
'V, 
'A' 
IV2 
'A' 
2V2 


IA3 
IV3 
2A3 
2V3 
IA3 
'V3 
'A3 
'V3 


IA4 
,V4 
2A4 
2V4 
'A4 
'V4 
'A4 
'V4 


fG" 
W 
fG 
2G 


MAXIMUM 
RATINGS above which the useful life may be impaired 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 


DC Voltage Applied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current 


DC Input Currqnt 


_65°C to +150°C 


-55°C 
to +125°C 


-D.5V to +7.0V 


-O.5V to +VCC max. 


-O.5V to +7.0V 


150mA 


-30mA 
to +5.0mA 


ELECTRICAL 
CHARACTERISTICS 


The Following 
Conditions 
Apply Unless Otherwise 
Noted: 


Am2958 (MIL) 
TA ~ _55°C to +125°c 
VCC(MIN.) ~ 4.50V 


Am2959 (COM'L) 
TA ~ O°C to +700C 
VCC(MIN.) ~ 4.75V 


VCC(MAX.) 
~ 5.50V 


VCC(MAX.) ~ 5.25V 


Typ, 


(Not. 2) 


VIH 
High·Level 
Input 
Voltage 
2.0 
Volts 


VIL 
Low-Level 
Input 
Voltage 
0.8 
Volts 


VIK 
Input 
Clamp 
Voltage 
VCC - MIN., 
II - -18mA 
-1.2 
Volts 


Hysteresi, 
(VT + - 
VT_I 
VCC = MIN. 
O.:? 
0.4 
Volts 


VCC = MIN. 
COM'L,IOH 
=-lmA 
2.7 


\ilL 
=0.8\1 
IOH--3mA 
2.4 
3.4 
VOH 
High-Level 
Output 
Voltage 
Volts 
VCC = MIN. 
MIL, 
10H ~ -12mA 
2.0 


VIL=0.5V 
COM'L"OH 
~ -15mA 
2.0 


VCC = MIN. 
MIL,IOL 
=48mA 
0.55 
VOL 
Low-Level 
Output 
Voltage 
VIL=0.8V 
Volts 


COM'L, 
10L ~ 64mA 
0.55 


10ZH 
Off-State 
Output 
Current, 
Vo 
=2.4V 
50 
High-Level 
Voltage 
Applied 
VCC = MAX. 


VIH = 2.0V 
I'A 


10ZL 
Off-State 
Output 
Current, 
"IL 
=0.8V 
Vo =0.5V 
-50 
Low-Level 
Voltage 
Applied 


II 
Input Current 
at Maximum 
VCC = MAX., 
VI = 5.5V 
1.0 
mA 
Input 
Voltage 


ItH 
High·Level 
Input 
Current, 
Any 
Input 
VCC ~ MAX., 
VIH 
~ 2.7V 
50 
I'A 


Any 
A 
VCC ~ MAX., 
VIL 
=0.5V 
-400 
I'A 
IlL 
Low-Level 
Input 
Current 
Any 
G 
-2.0 
mA 


'OS 
Short-Circuit 
Output 
Current 
(Note 
3) 
VCC = MAX. 
-50 
-225 
mA 


All Outputs 
MtL 
80 
123 


HIGH 
COM'L 
80 
135 


All Outputs 
VCC = MAX. 
MIL 
100 
145 
Am2958 
mA 


LOW 
Outputs 
open 
COM'L 
100 
150 


MIL 
100 
145 
Outputs 
at Hi·Z 


ICC 
Supply 
Current 
COM'L 
100 
150 


All Outputs 
MIL 
95 
147 


HIGH 
COM'L 
95 
160 


All Outputs 
VCC = MAX. 
MIL 
120 
170 
Am2959 
LOW 
mA 
Outputs 
open 
COM'L 
120 
180 


MIL 
120 
170 
Outputs 
at Hi·Z 
COM'L 
120 
180 


FJ 


Notes: 
1. 
For conditions 
shown 
as MIN. 
or MAX., 
use the appropriate 
value 
specified 
under 
recommended 
operating 
conditions. 


2. 
All typical 
values are VCC ~ 5.0V, T A = 25° C. 


3. 
Not 
more 
than 
one output 
should 
be shorted 
at a time, 
and duration 
of the short·circuit 
should 
not exceed 
one second. 


Am2958 
Min. 
Typ. 
Max. 
Am2959 


Min. 
Typ. 
Max. 


tPLH 
Propagation 
Delay Time, 


4.5 
7.0 
6.0 
9.0 
Low-to-High-Level 
Output 
ns 


tpHL 
Propagation 
Delay 
Time, 


4.5 
7.0 
6.0 
9.0 
High-to-Low-LeveIOutput 
CL ~ 50pF, 
RL ~ 90n 
(Note 
3) 
ns 


tZL 
Outp~t 
Enable Time 
to Low Level 
10 
15 
10 
15 
ns 


tZH 
Outp~t 
Enable Time 
to High Level 
6.5 
10 
8.0 
12 
ns 


tLZ 
OutpLt 
Disable Time 
from 
Low 
Level 
CL = 5.0pF, 
RL = 90n 
(Note 31 
10 
15 
10 
15 
ns 


tHZ 
Output 
Disable Time 
from 
High 
Level 
6.0 
9.0 
6.0 
9.0 
ns 


LOAD CIRCUIT 
FOR 
THREE-STATE 
OUTPUTS 


VOL TAGE WAVEFORMS 
ENABLE AND DISABLE TIMES. THREE-STATE 
OUTPUTS 


OUTPUT 
)v 


CONTROL 
~ 
• 
r4 
(lOW-LEVEl 
~.3V 
l.JV 
ENABLINGI 
I'-------_( 
...L 
_ 
r--- tZli 
tLl 


WAVEFORM 
1 
~ 
=o:4.SV 
51 & 52 
L: 


'CLOSEO 
13V 
~lOSED 
"15v 
S20PEN· 
:...--....L 
-t-1~ 
VOL 


1ZH-t 
'HZ 
U.;V 
ntJ 
I 
)....----!...--~ 
V 


OH 


SIQPEN 
1.3 V 
\ 
I<S.,L&<-S2""CL-:-T 
=o:1.5V 


52 CLOSED 
"'OV 
CLOSED 


Notes: 
1. 
Waveform 
1 is for 
an output 
with 
internal 
conditions 
such that 
the output 
is low 
exc~pt 
when 
disabled 
by the output 
control. 


2. Wavetorm 2 is for an output 
with 
internal 
conditions 
such that 
the output 
is high except 
when disabled by the output 
control. 


3. 
In the examples 
above, 
the phase 
relationships 
between 
inputs 
and 
outputs 
have 
been 
chosen 
arbitrarily, 
PRR 
C;; 
1.0MHz. 
ZOUT 
::ll::: son 
an~ tr E; 2.5n5, 
tf 
E;;; 2.5n5. 


INPUTS 
OUTPUT 


G 
A 
Y 


H 
X 
Z 


L 
H 
L 


L 
L 
H 


INPUTS 
OUTPUT 


G 
A 


H 
X 
Z 
l 
H 
H 
l 
l 
l 


Am2958 USED AS SYSTEM BUS DRIVER - 


4-BIT ORGANIZATION 
CAN BE APPLIED TO HANDLE BINARY OR BCD 


INDEPENDENT 
4-BIT BUS DRIVERS/RECEIVERS 
IN A SINGLE PACKAGE 


G 
} 
OUTPUT -PORT 
CONTROL 


G 
} 
INPUT -PORT 
CONTROL 


,. lVl 


17 
2A' 
,. lV2 


15 
2A3 


" 
lV3 


13 
2A2 


12 
lY4 


11 
2A1 


Am2960 
Fast ErrorDetection and 
Correction for Memories 


Corrects All Single-Bit 
Errors 


Corrects 
all single bit errors. Detects all double 


and some triple bit errors. 


Expandable 


One Am2960 
provides 
Error Detection 
and 


Correction 
for 16-bits. Two Am2960s 
handle 


32 bits; four Am2960s 
handle 
64 bits. 


Design objective of 30ns typical to detect errors, 
and SOns to correct for 16-bits. 


Flexible 


Can be used with Am2900-based 
designs, 


the AmZ8000 
or other CPUs. 


Diagnostics 
Built-In 


Logic on-chip 
for device test and software- 
controlled 
diagnostics. 


Allows for Increased 
Memory Reliability 


And can significantly reduce 
field servicing 


costs. 


Am2960 
Cascadable 
16-Bit Error Detection and Correction 
Unit 


• 
Modified Hamming Code 
Detects multiple errors and corrects single bit errors in a 
parallel 
data 
word. 
Ideal 
for 
use 
in dynamic 
memory 


systems. 


• 
Expandable 
One Am2960 provides EDC on 16-bit data words. 
Two Am2960s provide EDC on 32-bit data words. 
Four Am2960s provide EDC on 64-bit data words. 


• 
Syndromes provided. 
The Am2960 makes available the syndrome 
bits when an 


error 
oocurs, 
so the location 
of memory 
faults 
can be 


logged. 


• 
Microprocessor compatible 
The Am2960 
is designed 
to work with Z8000 
micropro- 


cessor systems as well as high performance 2900 designs. 


• 
Advanced circuit and process technologies 
Newest 
2900 
LSI 
techniques 
provide 
very 
high 


performance. 
Data-in to error detection typically 30ns 
Data-in to correct data out typically SOns 


• 
Built-in Diagnostics 
Extra logic on the chip provides diagnostic functions to be 
used during device test and for system diagnostics. 


GENERAL DESCRIPTION 


The Am2960 Error Detection and Correction Unit (EDC) contains 
the logic necessary to generate check bits on a 16-bil data field 
according to a modified Hamming Code, and to correct the data 
word when check bits are supplied. Operating on data read from 
memory, the Am2960 will correct any single bit error and will 
detect all double and some triple bit errors. For 16-bit words, 6 
check bits are used. The Am2960 is expandable to operate on 
32-bit words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome available on 
separate outputs for data logging. 


The Am2960 also features two diagnostic modes, in which diag- 
nostic data can be forced into portions of the chip to simplify 
device testing and to execute system diagnostic functions. The 
product is supplied in a 48 lead hermetic DIP package. 


LE OUT 


OE BYTE 0 


CBO-6 
(CHECK 
BITS) 


DATA 


DATAo~7 
OUTPUT 
LATCH 
BYTE.O 


DATA 


OATAS_15 
OUTPUT 
LATCH 
BYTe 
1 


DEaYTe 
1 


DATA 
INPUT 
LATCH 
BYTe 0 


DATA 
INPUT 
LATCH 
BYTe 1 


LE IN 


CORREe· 
16 
liON 
LOGIC 


CODE 10 


OIAG MODE 


PASS THRU 


GENERATE 


CORRECT 


SCO.6 
SYNDROMEI 
CHECK 
BITS 
CHECK 
BIT 


GENERA- 
TION 


SYNDROME 
7 
GENERA- 
TION 


EDC Architecture 


The EDC Unit is a powerful 16-bit cascadable 
slice used for 


check bit generation, error detection, error correction and diag- 
nostics. 


As shown in the block diagram, 
the device consists 
of the 
following: 


- 
Data Input Latch 


- 
Check Bit Input Latch 


- 
Check Bit Generation Logic 


- 
Syndrome Generation Logic 


- 
Error Detection Logic 


- 
Error Correction Logic 


- 
Data Output Latch 


- 
Diagnostic Latch 


- 
Control Logic 


Data Input Latch 


16 bits of data are loaded from the bidirectional 
DATA lines 


under control of the Latch Enable input, LE IN. Depending on the 
control mode the input data is either used for check bit genera- 
tion or error detection/correction. 


Check Bit Input Latch 


Seven check bits are loaded under control of LE IN. Check bits 
are used in the Error Detection and Error Correction modes. 


Check Bit Generation 
Logic 


This block generates the appropriate check bits for the 16 bits of 
data in the Data Input Latch. The check bits are generated ac- 
cording to a modified Hamming code. 


Syndrome 
Generation 
Logic 


In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read in 
from memory. If both sets of check bits match, then there are no 
errors. If there is a mismatch, then one or more of the data or 
check bits is in error. 


The syndrome bits are produced by an exclusive-OR of the two 
sets of check bits. If the two sets of check bits are identical 


(meaning there are no errors) the syndrome 
bits will be all 
zeroes. If there are errors, the syndrome bits can be decoded to 
determine the number of errors and the bit-in-error. 


Error Detection 
Logic 


This section decodes the syndrome bits generated by the Syn- 
drome Generation Logic. If there are no errors in either the input 
data or check bits, the ERROR and MULTI ERROR outputs 
remain HIGH. If one or more errors are detected, ERROR goes 
LOW. If two or more errors are detected, 
both ERROR and 


MULTI ERROR go LOW. 


Error Correction 
Logic 


For single errors, the Error Correction Logic complements (cor- 
rects) the single data bit in error. This corrected data is loadable 
into the Data Output Latch, which can then be read onto the 
bidirectional data lines. If the single error is one of the check bits, 
the correction logic does not place corrected check bits on the 
syndrome/check 
bit outputs. 
If the corrected 
check bits are 


needed the EDC must be switched to Generate Mode. 


Data Output 
Latch 


The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction 
logic under control of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU control input. 


The Data Output Latch is split into two a-bit (byte) latches which 
may be enabled independently for reading onto the bidirectional 
data lines. 


Diagnostic 
Latch 


This is a 16-bit latch loadable from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte and 
control information in the other byte. The Diagnostic Latch is 
used for driving the device when in Internal Control Mode, or for 
supplying check bits when in one of the Diagnostic Modes. 


Control 
Logic 


The control logic determines the specific mode the device oper- 
ates in. Normally the control logic is driven by external control 
inputs. However, in Internal Control Mode, the control signals 
are instead read from the Diagnostic Latch. 


.4'U~~~i5 
10 bidirectional data lines. They provide input to 
the Data Input Latch and Diagnostic Latch, and 
receive output from the Data Output Latch. DATAo 
is the least significant bit; DATA15 the most sig- 
nificant. 


CBO_6 
Seven Check Bit input lines. The check bit lines 
are used to input check bits for error detection. 
Also used to input syndrome bits for error correc- 
tion in 32 and 64-bit configurations. 


LE IN 
Latch Enable - 
Data Input Latch. Controls latch- 


ing of the input data. When HIGH the Data Input 
Latch and Check Bit Input Latch follow the input 
data and input check bits. When LOW, the Data 
Input Latch and Check Bit Input Latch are latched 
to their previous state. 


GENERATE 
Generate 
Check Bits input. When this input is 


LOW the EDC is in the Check Bit Generate Mode. 
When HIGH the EDC is in the Detect Mode or 
Correct Mode. 


In the Generate Mode the circuit generates the 
check bits or partial check bits specific to the data 
in the Data Input Latch. The generated check bits 
are placed on the SC outputs. 


In the Detect or Correct Modes the EDC detects 
single and multiple 
errors, and generates 
syn- 
drome bits based upon the contents of the Data 
Input Latch and Check Bit Input Latch. In Correct 
Mode, single-bit errors are also automatically cor- 
rected - corrected data is placed at the inputs of 
the Data Output Latch. The syndrome 
result is 
placed on the SC outputs and indicates in a coded 
form the number of errors and the bit-in-error. 


Syndrome/Check 
Bit outputs. These seven lines 
hold the check/partial-check 
bits when the EDC is 


in Generate Mode, and will hold the syndrome/ 
partial syndrome bits when the device is in Detect 
or Correct Modes. These are 3-state outputs. 


Output 
Enable 
- 
Syndrome/Check 
Bits. When 


LOW, the 3-state output lines SCO_6 are enabled. 
When HIGH, the SC outputs are in the high im- 
pedance state. 


Error Detected output. When the EDC is in Detect 
or Correct Mode, this output will go LOW if one or 
more syndrome bits are asserted, meaning there 
are one or more bit errors in the data or check bits. 
If no syndrome bits are asserted, there are no er- 
rors detected and the output will be HIGH. In Gen- 
erate Mode, ERROR is forced HIGH. (In a 64-bit 
configuration, 
ERROR 
must be externally 
im- 
plemented.) 


Multiple Errors Detected output. When the EDC is 
in Detect or Correct Mode, this output if LOW indi- 
cates that there are two or more bit errors that 
have been detected. If HIGH this indicates that 
either one or no errors have been detected. 
In 


MULTI 
ERROR 


CORRECT 
Correct input. When HIGH this signal allows the 
correction network to correct any single-bit error in 
the 
Data 
Input 
LatCh (by complementing 
the 


bit-in-error) before putting it onto the Data Output 
Latch. When LOW the EDC will drive data directly 
from the Data Input Latch to the Data Output Latch 
without correction. 


LE OUT 
Latch Enable - 
Data Output Latch. Controls the 


latching of the Data Output Latch. When LOW the 
Data Output Latch is latched to its previous state. 
When HIGH' the Data Output Latch follows the 
output of the Data Input Latch as modified by the 
correction logic network. In Correct Mode, single- 
bit errors are corrected 
by the network 
before 


loading 
into the Data Output 
Latch. 
In Detect 


Mode, the contents of the Data Input Latch are 
passed through the correction network unchanged 
into the Data Output Latch. The inputs to the Data 
Output Latch are unspecified if the EDC is in Gen- 
erate Mode. 


OE BYTE 0, Output 
Enable 
- 
Bytes 0 and 1, Data Output 


OE BYTE 1 
Latch. These lines control the 3-state outputs for 
each of the two bytes of the Data Output Latch. 
When LOW these lines enable the Data Output 
Latch and when HIGH these lines force the Data 
Output Latch into the high Impedance state. The 
two enable lines can be separately 
activated to 
enable only one byte of the Data Output Latch at a 
time. 


Pass Thru input. This line when HIGH forces the 
contents of the Check Bit Input Latch onto the 
Syndrome/Check 
Bit outputs (SCO-6) 
and the un- 


modified contents of the Data Input Latch onto the 
inputs of the Data Output Latch. 


Diagnostic Mode Select. These two lines control 
the initialization 
and diagnostic operation 
of the 


EDC. 


PASS 
THRU 


DIAG 
MODEo_1 


CODE 100-2 Code Identification inputs. These three bits iden- 
tify the size of the total data word to be processed 
and which 16-bit slice of larger data words a par- 
ticular EDC is processing. 
The three allowable 
data word sizes are 16, 32 and 64 bits and their 
respective modified Hamming codes are desig- 
nated 16/22, 32/39 and 64/72. Special CODE 10 
input 001 (102, 101, 100) is also used to instruct the 
EDC 
that 
the 
signals 
CODE 
100-2, 
DIAG 


MODEo_1, CORRECT and PASS THRU are to be 
taken from the Diagnostic Latch, rather than from 
the input control lines. 


LE DIAG 
Latch Enable - Diagnostic Latch. When HIGH the 
Diagnostic Latch follows the 16-bit data on the 
input lines. When LOW the outputs of the Diag- 
nostic Latch are latched to their previous states. 
The Diagnostic Latch holds diagnostic check bits, 
and internal control signals for CODE 100_2, DIAG 
MODEo_1, CORRECT and PASS THRU. 


FUNCTIONAL 
DESCRIPTION 


The EDC corhains the logic neces~ary to generate check bits on 
a 16-bit data lield according to a modified Hamming code. Oper- 
ating on data read from memory, the EDC will correct any 
single-bit error, and will detect all double and some triple-bit 
errors. The Af2960 
may be configured to operate on 16-bit data 


words (with 6 check bits), 32-bit data words (with 7 check bits) 
and 64-bit data words (With a check bits). In all configurations, 
the device makes the error syndrome bits available on separate 
outputs for error data logging. 


Code and Byte Specification 


The EDC may be configured in several different ways and oper- 
ates differently in each configuration. It is necessary to indicate 
to the device what size data word is involved and which bytes of 
the data word ii is processing. This is done with input lines 
CODE IDo_2, as shown in Table I. The three mopified Hamming 
codes referred to in Table I are: 


• 
16/22 code - 
16 data bits 


- 
6 check bits 


- 
22 bits in total. 


• 
32/39 code - 32 data bits 


- 
7 check bits 


- 
39 bits in total. 


• 
64/72 code - 
64 data bits 


- 
a check bits 


- 
72 bits in total. 


CODE ID input 001 (ID2, 
ID1, IDo) is a special code used to 


operate the device in Internal Control Mode (described tater in 
this section). 


CODE 
CODE 
CODE 
ID2 
ID1 
IDa 
Hamming 
Code and Slice Selected 


0 
0 
0 
Code 16/22 


0 
0 
1 
Internal Control Mode 


0 
1 
0 
Code 32/39, Bytes 0 and 1 


0 
1 
1 
Code 32/39, Bytes 2 and 3 


1 
0 
0 
Code 64/72, Bytes 0 and 1 


1 
0 
1 
Code 64/72, Bytes 2 and 3 


1 
1 
0 
Code 64/72, Bytes 4 and 5 


1 
1 
1 
Code 64/72, Bytes 6 and 7 


Control 
Mode Selection 


The device control lines are 
GENERATE 
,CORRECT, 
PASS 


THRU, DIAG MODEo_1 and CODE IDo_2. Table II indicates the 
control modes selected by various combinations of the control 
line inputs. 


Diagnostics 


Table III shows specifically how DIAG MODEo_1select between 
normal operation, initialization and one of two diagnostic modes. 


The Diagnostic Modes allow the user to operate the EDC under 
software 
control 
in order to verify proper functioning 
of the 
device. 


Check and Syndrome 
Bit Labeling 


The check bits generated in the EDC are designated as follows: 


• 
16-bit configuration - 
CX CO, C1, C2, C4, ca; 


• 
32-bit configuration - 
CX, CO, C1, C2, C4, ca, C16; 


• 
64-bit configuration - 
CX, CO, C1, C2, C4, ca, C16, C32. 


Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits and 
a syndrome bits in the 64-bit configuration. 


EI 
FUNCTIONAL 
DESCRIPTION 
- 
16-BIT DATA WORD CONFIGURATION 


The 16-bit format consists of 16 data bits, 6 check bits and is 
referred to as 16/22 code (see Figure 1). 


The 16-bit configuration is shown in Figure 2. 


Generate 
Mode 


In this rnode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated 
are placed on the outputs SCo_s (SCs is unspecified for 16-bit 
operation). 


Check bits are generated 
according to a rnodified Hamming 


code. Details of the code for check bit generation are contained 
in Table IV. Each check bit is generated as either an XOR or 
XNOR of eight of the 16 data bits as indicated in the table. The 
XOR function results in an even parity check bit, the XNOR is an 
odd parity check bit. 


Detect Mode 


In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If two or 
more errors are detected, MULTI ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. 


Also available on device outputs SCo_sare the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. Table 
V gives the chart for decoding the syndrome bits generated by 
the 16-bit configuration 
(as an example, if the syndrome bits 
SX/SO/S1/S2/S4/Sa were 101001 this would be decoded to indi- 
cate that there is a single-bit error at data bit 9). If no error is 
detected the syndrome bits will all be zeroes. 


In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correction. 


Correct 
Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com- 
plement) any single-bit error of the Data Input Latch before put- 
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single-bit error is a check bit there is no automatic correc- 
tion. If check bit correction is desired, this can be done by plac- 
ing the device in Generate Mode to produce a correct check bit 
sequence for the data in the Data Input Latch. 


Pass Thru Mode 


In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con- 
tents of the Check Bit Input Latch are placed on outputs SCo_s. 


DIAG MODEO_1 
CODE 100-2 


GENERATE 
CORRECT 
PASS THRU 
(DM1•DMO) 
(102• 101• 100) 
Control Mode Selected 


LOW 
LOW 
LOW 
00 
Not 001 
Generate 


LOW 
LOW 
LOW 
01 
Not 001 
Generate 
Using Diagnostic 
Latch 


LOW 
LOW 
LOW 
10 
Not 001 
Generate 


LOW 
LOW 
LOW 
11 
Not 001 
Initialize 


LOW 
LOW 
HIGH 
00 
Not 001 
Pass Thru 


LOW 
LOW 
HIGH 
01 
Not 001 
Pass Thru 


LOW 
LOW 
HIGH 
10 
Not 001 
Pass Thru 


LOW 
LOW 
HIGH 
11 
Not 001 
Undefined 


LOW 
HIGH 
LOW 
00 
Not 001 
Generate 


LOW 
HIGH 
LOW 
01 
Not 001 
Generate 
Using Diagnostic 
Latch 


LOW 
HIGH 
LOW 
10 
Not 001 
Generate 


LOW 
HIGH 
LOW 
11 
Not 001 
Initialize 


LOW 
HIGH 
HIGH 
00 
Not 001 
Pass Thru 


LOW 
HIGH 
HIGH 
01 
Not 001 
Pass Thru 


LOW 
HIGH 
HIGH 
10 
Not 001 
Pass Thru 


LOW 
HIGH 
HIGH 
11 
Not 001 
Undefined 


HIGH 
LOW 
LOW 
00 
Not 001 
Detect 


HIGH 
LOW 
LOW 
01 
Not 001 
Detect 


HIGH 
LOW 
LOW 
10 
Not 001 
Detect Using Diagnostic 
Latch 


HIGH 
LOW 
LOW 
11 
Not 001 
Initialize 


HIGH 
LOW 
HIGH 
00 
Not 001 
Pass Thru 


HIGH 
LOW 
HIGH 
01 
Not 001 
Pass Thru 


HIGH 
LOW 
HIGH 
10 
Not 001 
Pass Thru 


HIGH 
LOW 
HIGH 
11 
Not 001 
Undefined 


HIGH 
HIGH 
LOW 
00 
Not 001 
Correct 


HIGH 
HIGH 
LOW 
01 
Not 001 
Correct 


HIGH 
HIGH 
LOW 
10 
Not 001 
Correct Using Diagnostic 
Latch 


HIGH 
HIGH 
LOW 
11 
Not 001 
Initialize 


HIGH 
HIGH 
HIGH 
00 
Not 001 
Pass Thru 


HIGH 
HIGH 
HIGH 
01 
Not 001 
Pass Thru 


HIGH 
HIGH 
HIGH 
10 
Not 001 
Pass Thru 


HIGH 
HIGH 
HIGH 
11 
Not 001 
Undefined 


Any 
Any 
Any 
Any 
001 
Internal Control Using Diagnostic 
Latch 


DIAG 
DIAG 


MODE1 
MOOED 
Diagnostic Mode Selected 


0 
0 
Non-diagnostic mode. The 
EDC 
functions 
normally 
in all modes. 


0 
1 
Diagnostic Mode A. The 
contents 
of the 
Diagnostic 
Latch 
are substi- 


tuted 
for the 
normally 
generated 
check 
bits when 
in the Generate 
Mode. 


The 
EDC 
functions 
normally 
in the 
Detect 
or Correct 
modes. 


1 
0 
Diagnostic Mode B. In the 
Detect 
or Correct 
Mode, 
the contents 
of the 


Diagnostic 
Latch 
are substituted 
for the check 
bits 
normally 
read 
from 


the Check 
Bit Input 
Latch. 
The 
EDC 
functions 
normally 
in the 


Generate 
Mode. 


1 
1 
Initialize. The 
inputs 
of the 
Data 
Output 
Latch 
are forced 
to zeroes 
and 


the check 
bits generated 
correspond 
to the all-zero 
data. 


INPI1TCHECKBITS 
FOR16-BITCONFIGURATION 
DON'T 


OAT" 
cx 
co 
C1 
C2 
C4 
C8 CARE 


I I I I I I I 
DATA 
CHECKBITS 


DATAo_15 
C80 
eB1 
eB2 
CB3 
ca. 
CBs 
CB6 
I 
Bml 
I 
BYTE 
0 I~ 
15 
8 7 
0 
EDC 
CODE-000 
1°0_2 


SCo sc, 
SC2 SC3 SC. 
SC. 
SC. 


Uses Modified Hamming Code 16/22 


JcxlsLl~Ll 


- 
16 data bits 
I~NSPECIF1ED 
FOR 
16-BIT 


- 
6 check bits 
CONFIGURAnON 


- 
22 bits in total 
so/Co 
S2/C2 
S81C8 


SYNDROME/CHECK 
BITOUTPI1TS 


FOR 
16-BIT 
CONFIGURATION 


Figure 
1. 
16 Bit 
Data 
Format. 
MPR·730 
Figure 
2. 
16 Bit 
Configuration. 
MPR·731 


TABLE 
IV. 
16-BIT 
MODIFIED 
HAMMING 
CODE 
- 
CHECK 
BIT 
ENCODE 
CHART. 


Generated 
Participating 


Check 
Data 
Bits 


Bits 
Parity 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


CX 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


CO 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C1 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C2 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C4 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
i< 


C8 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


The check bit is generated 
as either an XOR or XNOR of the eight data bits noted by an "X" in the table. 


TABLE 
V. 
SYNDROME 
DECODE 
TABLE 
VI. 
DIAGNOSTIC 
LATCH 
LOADING - 


TO 
BIT-IN-ERROR. 
16-BIT 
FORMAT. 


Syndrome 
58 
0 
1 
0 
1 
0 
1 
0 
1 
Data 
Bit 
Internal 
Function 
Bits 
54 
0 
0 
1 
1 
0 
0 
1 
1 


52 
0 
0 
0 
0 
1 
1 
1 
1 
0 
Diagnostic 
Check 
Bit X 


SX 
SO 
51 
1 
Diagnostic 
Check 
Bit 0 
0 
0 
0 
* 
C8 
C4 
T 
C2 
T 
T 
M 
2 
Diagnostic 
Check 
Bit 1 
0 
0 
1 
C1 
T 
T 
15 
T 
13 
7 
T 
3 
Diagnostic 
Check 
Bit 2 
0 
1 
0 
CO 
T 
T 
M 
T 
12 
6 
T 


4 
Diagnostic 
Check 
Bit 4 
0 
1 
1 
T 
10 
4 
T 
0 
T 
T 
M 
5 
Diagnostic 
Check 
Bit 8 
1 
0 
0 
CX 
T 
T 
14 
T 
11 
5 
T 
6. 7 
Don't 
Care 
1 
0 
1 
T 
9 
3 
T 
M 
T 
T 
M 


1 
1 
0 
T 
8 
2 
T 
1 
T 
T 
M 
8 
CODE 
100 


1 
1 
1 
M 
T 
T 
M 
T 
M 
M 
T 
9 
CODE 
10 1 


10 
CODE 
10 2 


11 
DIAG 
MODE 
0 
* - no errors detected 
12 
DIAG 
MODE 
1 
Number - 
the location of the single bit-In-error 
T 
two errors detected 
13 
CORRECT 


M - 
three or more errors detected 


14 
PASS 
THRU 


15 
Don't 
Care 


111~ LJIQ~"v",,,,,, 
__ ._. 


nal control uses. It is loaded from the DATA lines unoer me 
control of LE pIAG. Table VI shows the loading definitions for 
the DATA lines. 


Generate Using Diagnostic Latch (Diagnostic 
Mode A) 


Detect Using Diagnostic 
Latch (Diagnostic 
Mode B) 


Correct Using Diagnostic 
Latch (Diagnostic 
Mode B) 


These are special diagnostic modes selected by DIAG MODEo_1 
where either normal check bit inputs or outputs are substituted 
for by check bits loaded into the Diagnostic Latch. See Table III 
for details. 


Internal Control Mode 


This mode is selected by CODE IDo_2input 001 (ID2, 101, 100), 


When in Internal Control Mode, the EDC takes the CODE 100-2, 
DIAG MODEo_1, CORRECT and PASS THRU control signals 
from the internal Diagnostic Latch rather than from the external 
input lines. 


Table VI gives the format for loading the Diagnostic Latch. 


FUNCTIONAL DESCRIPTION - 
32-BIT DATA WORD CONFIGURATION 


The 32-bit format consists of 32 data bits, 7 check bits and is 
referred to as 32/39 code (see Figure 3). 


The 32-bit configuration is shown in Figure 4. 


The upper EDC (Slice 0/1) handles the least significant by1es 0 
and 1 - the external DATA lines 0 to 15 are connected to the 
same nUrTjbered inputs of the upper device. The lower EDC 
(Slice 2/3) handles the most significant bytes 2 and 3 - 
the 
external DATA lines for bits 16 to 31 are connected to inputs 
DATAo through DATA,s respectively. 


The valid syndrome and check bit outputs are those of Slice 2/3 
as shown in the diagram. In Correct Mode these must be read 
into Slice 0/1 via the CB inputs, thus requiring external buffering 
and output enabling of the check bit lines as shown. The OE SC 
signal can be used to control enabling of check bit inputs - 
when syndrome outputs are enabled, the external check bit in- 
puts will be disabled. 


The valid ERROR and MULTI ERROR outputs are those of the 
Slice 2/3. The ERROR and MULTI ERROR outputs of Slice 0/1 
are unspecified. All of the latch enables and control signals must 
be input to both of the devices. 


Generate Mode 


In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated are 
placed on the outputs SCO_6 of Slice 2/3. 


XNOR 01 16 of the 32 data bits as mOICd't:U '" 
"'" 
.~~,~. 
"'. 


XOR function results in an even parity check bit, the XNOR in an 
odd parity check bit. 


Detect Mode 


In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROFl goes LOW. If two or 
more errors are detected, MULTI ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. The valid ERROR and 
MULTI ERROR signals are those of Slice 2/3 - those of Slice 
0/1 are undefined. 


Also available on Slice 2/3 outputs SCO_6 are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. Table 
VIII gives the chart for decoding the syndrome bits generated for 
the 32-bit configuration 
(as an example, if the syndrome bits 


SX/SO/S1/S2/S4/S8/S16 were 0010011 this would be decoded to 
indicate that there is a single-bit error at data bit 25). If no error is 
detected the syndrome bits will be all zeroes. 


In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correc· 
tions. 


Correct Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com- 
plement) any single-bit error of the Data Input Latch before put- 
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single-bit error is a check bit there is no automatic correc- 
tion - 
if desired this would be done by placing the device in 


Generate Mode to produce a correct check bit sequence for the 
data in the Data Input Latch. 


For data correction, both Slices 0/1 and 2/3 require access to the 
syndrome bits on Slice 2/3's outputs SCO-6' Slice 2/3 has access 
to these syndrome bits through internal data paths, but for Slice 
0/1 they must be read through the inputs CBo_6. The device 
connections for this are shown in Figure 4. When in Correct 
Mode the SC outputs must be enabled so that they are available 
for reading in through the CB inputs. 


Pass Thru Mode 


In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con- 
tents of the Check Bit Input Latch are placed on outputs SCO-6 of 
Slice 2/3. 


Uses ModifiedHammingCode 32/39 
- 32 data bits 
- 7 check bits 
- 39 bits in total 


.. 
'or "" .. 
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.• L.r 
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DATA 
CBo 
CB, 
CB, 
CB, 
CB. 
CB, 
CB, 


OESC il 
EoC 


BYTES 
0 AND 1 


CODE 
1-010 
10 


SCo 
SC, 
SC, 
SC, 
SC. 
SC, 
SC, 


~ 


DATA 
CBo 
CB, 
CB, 
CB, 
CB. 
CB, 
CB, 


OESC 


EoC 


BYTES 
2 AND 3 


CODe 
-011 
10 
__ 
MULTI 
ERROR 
ERROR 
SCo 
SC, 
SC, 
SC, 
SC. 
SC, 
SC. 


Generated 
Participating Data Bits 


Check 


Bits 
Parity 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


CX 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


CO 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C1 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C2 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C4 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C8 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C16 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


Generated 
Participating Data Bits 


Check 
Bits 
Parity 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


CX 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


CO 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C1 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C2 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C4 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C8 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C16 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


Syndrome 
S16 
0 
1 
0 
1 
0 
1 
0 
1 
Bits 
S8 
0 
0 
1 
1 
0 
0 
1 
1 
S4 
0 
0 
0 
0 
1 
1 
1 
1 


5X 
50 
51 
52 


b 
0 
0 
0 
* 
C16 
C8 
T 
C4 
T 
T 
30 


0 
0 
0 
1 
C2 
T 
T 
27 
T 
5 
M 
T 


0 
0 
1 
0 
C1 
T 
T 
25 
T 
3 
15 
T 


0 
0 
1 
1 
T 
M 
13 
T 
23 
T 
T 
M 


0 
1 
0 
0 
CO 
T 
T 
24 
T 
2 
M 
T 


0 
1 
0 
1 
T 
1 
12 
T 
22 
T 
T 
M 


0 
1 
1 
0 
T 
M 
10 
T 
20 
T 
T 
M 


0 
1 
1 
1 
16 
T 
T 
M 
T 
M 
M 
T 


1 
0 
0 
0 
CX 
T 
T 
M 
T 
M 
14 
T 


1 
0 
0 
1 
T 
M 
11 
T 
21 
T 
T 
M 


1 
0 
1 
0 
T 
M 
9 
T 
19 
T 
T 
31 


1 
0 
1 
1 
M 
T 
T 
29 
T 
7 
M 
T 


1 
1 
0 
0 
T 
M 
8 
T 
18 
T 
T 
M 


1 
1 
0 
1 
17 
T 
T 
28 
T 
6 
M 
T 


1 
1 
1 
0 
M 
T 
T 
26 
T 
4 
M 
T 


1 
1 
1 
1 
T 
0 
M 
T 
M 
T 
T 
M 


*- no errors detected 
Numbers 
- 
number of the single bit-In-error 


T - 
two errors detected 


M - 
three or more errors detected 


Diagnostic 
Latch 


The 
Diagnostic 
Latch 
serves 
both for diagnostic 
uses 
and inter- 


nal 
control 
uses. 
It is loaded 
from 
the 
DATA 
lines 
under 
the 


control 
of LE DIAG. 
Table 
IX shows 
the 
loading 
definitions 
for 


the 
DATA 
lines. 


Generate 
Using 
Diagnostic 
Latch 
(Diagnostic 
Mode 
A) 


Detect 
Using 
Diagnostic 
Latch 
(Diagnostic 
Mode 
B) 


Correct 
Using 
Diagnostic 
Latch 
(Diagnostic 
Mode 
B) 


These 
are special 
diagnostic 
modes 
selected 
by DIAG 
MODEo_1 


where 
either 
normal 
check 
bit inputs 
or outputs 
are substituted 


for 
by check 
bits 
from 
the 
Diagnostic 
Latch. 
See 
Table 
III for 


details. 


Internal 
Control 
Mode 


This 
mode 
is selected 
by CODE 
IDo_2• input 
001 (ID2, 
ID1• IDo). 


When 
in 
Internal 
Control 
Mode 
the 
device 
takes 
the 
CODE 


IDo_2, 
DIAG 
MODEo_1, 
CORRECT 
and 
PASS 
THRU 
signals 


from 
the internal 
Diagnostic 
Latch 
rather 
than 
from 
the external 


control 
lines. 


Table 
IX gives 
the format 
for loading 
the 
Diagnostic 
Latch. 


FUNCTIONAL 
DESCRIPTION 
- 


64-BIT 
DATA 
WORD 
CONFIGURATION 


The 
64-bit 
format 
consists 
of 64 data 
bits, 
8 check 
bits 
and 
is 


referred 
to as 64/72 
code 
(see 
Figure 
5). 


The 
configuration 
to process 
64-bit 
format 
is shown 
in Figure 
6. 


In this 
configuration 
a portion 
of the 
syndrome 
generation 
and 


error 
detection 
is implemented 
externally 
of the 
EDCs 
in MSI. 


For error 
correction 
the syndrome 
bits generated 
must 
be read 


back 
into all four EDCs 
through 
the CB inputs. 
This 
necessitates 
the check 
bit buffering 
shown 
in the connection 
diagram 
of Fig- 


ure 6. The 
OE 
SC signal 
can 
control 
the 
check 
bit enabling 
- 


when 
syndrome 
bit outputs 
are enabled 
the 
external 
check 
bit 


lines will be disabled 
so that the syndrome 
bits may be read onto 


the CB inputs. 


TABLE 
IX. 
DIAGNOSTIC 
LATCH 
LOADING 
- 
32-BIT 
FORMAT. 


Data 
Bit 
Internal 
Function 
a 
Diagnostic 
Check 
Bit X 


1 
Diagnostic 
Check 
Bit a 


2 
Diagnostic 
Check 
Bit 1 


3 
Diagnostic 
Check 
Bit 2 


4 
Diagnostic 
Check 
Bit 4 


5 
Diagnostic 
Check 
Bit 8 


6 
Diagnostic 
Check 
Bit 16 


7 
Don't Care 


8 
Slice 0/1 - 
CODE 
ID a 


9 
Slice 0/1 - 
CODE 
ID 1 


10 
Slice 0/1 - 
CODE 
ID 2 


11 
Slice all 
- 
DIAG 
MODE a 


12 
Slice all 
- 
DIAG 
MODE 
1 


13 
Slice 0/1 - 
CORRECT 


14 
Slice 0/1 - 
PASS THRU 


15 
Don't 
Care 


16-23 
Don't 
Care 


24 
Slice 2/3 - 
CODE 
ID a 


25 
Slice 2/3 - 
CODE 
ID 1 


26 
Slice 2/3 - 
CODE 
ID 2 


27 
Slice 2/3 - 
DIAG 
MODE a 


28 
Slice 2/3 - 
DIAG 
MODE 
1 


29 
Slice 2/3 - 
CORRECT 


30 
Slice 2/3 
- 
PASS THRU 


31 
Don't 
Care 


Uses Modified Hamming Code 64/72 
- 
64 data bits 


- 
8 check bits 


- 
72 bits in total 


lllse 


~~ 


°63-.' ~" 


°47_32 
°3'.'6 
I 
e. 
'" 


e, 
e, 
CO 
e, 
D,~-o 


'\1 
, 
'\7 
f-- 
" 
" 
" 
",- 


I 
I 


I 
I 
I 


j 
I 
eB, 
eB, 
eB, 
eB, 
eB, 
eB, 
eBo 
° 
eB, 
eB, 
eB, 
eB, 
eB, 
eB, 
eBo 
° 
eB, 
eB, 
eB, 
eB, 
eB, 
eB, 
eB, 
° 
co, 
eB, 
eB, 
eB, 
eB, 
eB, 
eB, 
° 
f 
OE~ 


'DC 
f 


OE SC 
'DC 
f 


lll5e 
'DC 
r 


i5E sc 
'DC 


BYTES 
6 AND 7 
BYTES 
.• AND 5 
BYTES 
2 AND 3 
8YTESOAND 
1 


ME 


5e, 
se, 
se, 
se, 
se, 
se, 
se, 
se, 
se, 
5e, 
5e, 
5e, 
se, 
se, 
5e, 
5e, 
se, 
5e, 
5e, 
5e, 
se, 
5e, 
5e, 
5e, 
5e, 
se 
5e, 
se 


MULTI ERROR 
I 


I 
J 
~ 
-" 
~ ) 
~ 
" 
'OR 
'OR 
'OR 
'OR 
'OR 
'OR 
'OR 
'OR 


YS4iC4 
'YSliC8 
S2IC2 
~16JC16 
SllC1 
5321C32 
SO/CO 
SXlCk 


I 
I 
I 
1 


XOR 
NOR 


NOR~ 
L- 
-- 
ERAOfl 
•....•., 


Q OOUBLE 
ERROR 


Input CB6 of Slice 0/1 is unused and need not be connected. 
Output SC6 of Slice 2/3 is unspecified for the 54-bit configura- 
tion. 


The error detection signals for the 54-bit configuration differ from 
the 15 and 32-bit configurations. The ERROR signal functions 
the same: it is LOW if one or more errors are detected, and 
HIGH if no errors are detected. The DOUBLE ERROR signal is 
HIGH if and only if a double-bit error is detected - 
it is LOW 


otherwise. All of the MULTI ERROR outputs of the four devices 
are valid. MULTI ERROR is LOW when three or more errors are 
detected; it is HIGH if either zero, one or two errors are detected. 


This is a different meaning for MULTI ERROR than in other 
configurations. 


Generate Mode 


In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated ap- 
pear at the outputs of the XOR gates as indicated in Figure 5. 


Check bits are generated 
according to a modified 
Hamming 


code. Details of the code for check bit generation are contained 
in Table X. Check bits are generated as either an XOR or XNOR 


Generated 
Participating 
Data Bits 


Check 
Bits 
Parity 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 
12 
13 
14 
15 


CX 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
CO 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C1 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C2 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C4 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C8 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C16 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C32 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


Generated 
Participating 
Data Bits 


Check 


Bits 
Parity 
16 17 
18 19 20 
21 22 
23 
24 
25 26 
27 
28 
29 
30 
31 


CX 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
CO 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C1 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C2 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C4 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C8 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C16 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C32 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


Generated 
Participating 
Data Bits 


Check 
Bits 
Parity 
32 
33 
34 35 
36 
37 
38 
39 40 
41 42 
43 
44 
45 46 
47 


CX 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
CO 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C1 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C2 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C4 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C8 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C16 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C32 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


Generated 
Participating 
Data Bits 


Check 
Bits 
Parity 
48 49 
50 
51 
52 
53 54 
55 56 
57 
58 59 
60 
61 
62 
63 


CX 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
CO 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C1 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C2 
Odd (XNOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C4 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C8 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 


C16 
Even (XOR) 
X 
X 
X 
X 
X 
X 
X 
X 
C32 
Even (XOI'l) 
X 
X 
X 
X 
X 
X 
X 
X 


of 32 of the 64 bits as indicated in the table. The XOR function 
results in an even parity check bit, the XNOR in an odd parity 
check bit. 


Detect Mode 


In this mode the device examines the contents of the Data Input 
Latch against the Check 
Bit Input Latch, and will detect all 


single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If exactly 
two errors are detected, DOUBLE ERROR goes HIGH. If three 
or more errors are detected, MULTI ERROR goes LOW - the 
MULTI ERROR output of any of the four EDCs may be used. 


Available as XOR gate outputs are the generated syndrome bits 
(see Figure 6). The syndrome bits may be decoded to determine 
if a bit error was detected and, for single-bit errors, which of the 
data or check bits is in error. Table XI gives the chart for encod- 
ing the syndrome bits generated for the 64-bit configuration (as 
an example, if the syndrome bits SXlSO/S1/S2/S4/S8/S16/S32 
were 00100101 this would be decoded to indicate that there is a 
single-bit error at data bit 41). If no error is detected the syn- 
drome bits will all be zeroes. 


In Detect Mode the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correc- 
tions. 


Correct Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com- 
plement) any single-bit error of the Data Input Latch before put- 
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
If the single bit error is a check bit there is no automatic correc- 
tion. Check bit correction can be done by placing the device in 
generate mode to produce a correct check bit sequence for the 
data in the Data Input Latch. 


To perform the correction step, all four slices require access to 
the syndrome bits which are generated externally of the devices. 
This access is provided by reading the syndrome bits in through 
the CB inputs. The device connections 
for this are shown in 


Figure 6. When in Correct Mode the SC outputs must be en- 
abled so that the syndrome bits are available at the CB inputs. 


Pass Thru Mode 


In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
contents of the Check Bit Input Latch are passed through the 
external XOR network and appear unmodified at the XOR gate 
outputs labeled CX to C32 (see Figure 6). 


Syndrome 
S32 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 


Bits 
S16 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 


58 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
t 
t 
1 
1 


54 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
SX 
SO 
S1 
S2 


0 
0 
0 
0 
* 
C32 
C16 
T 
C8 
T 
T 
M 
C4 
T 
T 
M 
T 
46 
62 
T 


0 
0 
0 
1 
C2 
T 
T 
M 
T 
43 
59 
T 
T 
53 
37 
T 
M 
T 
T 
M 


0 
0 
1 
0 
C1 
T 
T 
M 
T 
41 
57 
T 
T 
51 
35 
T 
15 
T 
T 
31 


0 
0 
1 
1 
T 
M 
M 
T 
13 
T 
T 
29 
23 
T 
T 
7 
T 
M 
M 
T 


0 
1 
0 
0 
CO 
T 
T 
M 
T 
40 
56 
T 
T 
50 
34 
T 
M 
T 
T 
M 


0 
1 
0 
1 
T 
49 
33 
T 
12 
T 
T 
28 
22 
T 
T 
6 
T 
M 
M 
T 


0 
1 
1 
0 
T 
M 
M 
T 
10 
T 
T 
26 
20 
T 
T 
4 
T 
M 
M 
T 


0 
1 
t 
1 
16 
T 
T 
0 
T 
M 
M 
T 
T 
M 
M 
T 
M 
T 
T 
M 


1 
0 
0 
0 
CX 
T 
T 
M 
T 
M 
M 
T 
T 
M 
M 
T 
14 
T 
T 
30 


1 
0 
0 
1 
T 
M 
M 
T 
11 
T 
T 
27 
21 
T 
T 
5 
T 
M 
M 
T 


1 
0 
1 
0 
T 
M 
M 
T 
9 
T 
T 
25 
19 
T 
T 
3 
T 
47 
63 
T 


1 
0 
1 
1 
M 
T 
T 
M 
T 
45 
61 
T 
T 
55 
39 
T 
M 
T 
T 
M 


1 
1 
0 
0 
T 
M 
M 
T 
8 
T 
T 
24 
18 
T 
T 
2 
T 
M 
M 
T 


1 
1 
0 
1 
17 
T 
T 
1 
T 
44 
60 
T 
T 
54 
38 
T 
M 
T 
T 
M 


1 
1 
1 
0 
M 
T 
T 
M 
T 
42 
58 
T 
T 
52 
36 
T 
M 
T 
T 
M 


1 
1 
1 
1 
T 
48 
32 
T 
M 
T 
T 
M 
M 
T 
T 
M 
T 
M 
M 
T 
* - no errors detected 
Number - the numberof the Singlebit-in-error 
T - two errors detected 
M - more than two errorsdetected 


Diagnostic 
Latch 


The Diagnostic Latch serves both for diagnostic uses and inter- 
nal control uses. It is loaded from the DATA lines under the 
control of LE DIAG. Table XII shows the loading definitions for 
the DATA lines. 


Generate 
Using Diagnostic 
Latch (Diagnostic 
Mode A) 


Detect Using Diagnostic 
Latch (Diagnostic 
Mode B) 


Correct 
Using Diagnostic 
Latch (Diagnostic 
Mode B) 


These are special diagnostic modes selected by DIAG MODEo_, 
where either normal check bit inputs or outputs are substituted 
for by check bits from the Diagnostic Latch. See Table III for 
details. 


Internal 
Control 
Mode 


This mode is selected by CODE IDo_2, input 001 (ID2, ID" IDo). 


When in Internal Control Mode the EDC takes the CODE IDo_2, 
DIAG MODEo_" CORRECT and PASS THRU signals from the 
internal Diagnostic Latch rather than from the external control 
lines. Table XII gives format for loading the Diagnostic Latch. 


Data Bit 
Internal 
Function 


0 
Diagnostic Check Bit X 


1 
Diagnostic Check Bit 0 


2 
Diagnostic Check Bit 1 


3 
Diagnostic Check Bit 2 


4 
Diagnostic Check Bit 4 


5 
Diagnostic Check Bit 8 


6, 7 
Don't Care 


8 
Slice 0/1 - 
CODE ID 0 


9 
Slice 0/1 - 
CODE ID 1 


10 
Slice 0/1 - 
CODE ID 2 


11 
Slice 0/1 - 
DIAG MODE 0 


12 
Slice 0/1 - 
DIAG MODE 1 


13 
Slice 0/1 - 
CORRECT 


14 
Slice 0/1 - 
PASS THRU 


15 
Don't Care 


16-23 
Don't Care 


24 
Slice 2/3 - 
CODE ID 0 


25 
Slice 2/3 - 
CODE ID 1 


26 
Slice 2/3 - 
CODE ID 2 


27 
Slice 2/3 - 
DIAG MODE 0 


28 
Slice 2/3 - 
DIAG MODE 1 


29 
Slice 2/3 - CORRECT 


30 
Slice 2/3 - 
PASS THRU 


Data Bit 
Internal 
Function 


31 
Don't Care 


32-37 
Don't Care 


38 
Diagnostic Check Bit 16 


39 
Don't Care 


40 
Slice 4/5 - CODE ID 0 


41 
Slice 4/5 - 
CODE ID 1 


42 
Slice 4/5 - 
CODE ID 2 


43 
Slice 4/5 - 
DIAG MODE 0 


44 
Slice 4/5 - 
DIAG MODE 1 


45 
Slice 4/5 - 
CORRECT 


46 
Slice 4/5 - 
PASS THRU 


47 
Don't Care 


48-54 
Don't Care 


55 
Diagnostic Check Bit 32 


56 
Slice 6/7 - 
CODE ID 0 


57 
Slice 6/7 - 
CODE ID 1 


58 
Slice 6/7 - 
CODE ID 2 


59 
Slice 6/7 - 
DIAG MODE 0 


60 
Slice 6/7 - 
DIAG MODE 1 


61 
Slice 6/7 - CORRECT 


62 
Slice 6/7 - 
PASS THRU 


, 
63 
Don't Care 


CONNECTION 
DIAGRAM 
Top View 


GENERATE 
LE IN 
CORRECT 


LE OUT 
PASS 
THRU 
fJ 


OE 
BYTE 
0 


OE BYTE 
1 
CODE 
100_2 


OESC 


DIAG 
MOOEO_1 


LE 
DIAG 


APPLICATIONS 


The EDC unit may be used in two different ways depending 
upon whether the design objective is to minimize the total time 
for membry operations or to minimize system complexity. 


Check-Only Configuration 


Figure 7 shows the EDC unit in a Check-Only configuration. This 
method minimizes the delay needed on memory operations for 
EDC. 


On writes to memory the EDC unit generates check-bits. On 
reads from memory, the EDC unit monitors the data and check 
bits. If an error is detected, the CPU is interrupted - the CPU 
then issues the appropriate control signals to the EDC unit to 
correct the data, write back into memory and/or perform diag- 
nostics and error logging. 


Correct-Always Configuration 


Figure 8 illustrates the use of EDC unit in a Correct-Always 
configuration. 
This method has the advantage 
of being less 
complex than the Check-Only configuration. Memory operations 
are slower in this configuration since on reads from memory, 
data is always passed through the EDC unit for correction. This 
method does not necessarily slow down total system speed if 
the CPU cycle-time is the constraint on system speed. 


In the Correct-Always configuration, check bits are generated by 
the EDC on writes into memory. On reads from memory, the 
check and data bits are loaded into the EDC unit - after a delay, 
corrected 
data is available at the EDC unit's outputs and is 


placed on the system bus. If the data was not correctable, then 
the MULTI ERROR output will go active and may be used to 
interrupt the CPU. 
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Am2961 • Am2962 
4-Bit Error Correction 
Multiple Bus Buffers 


DISTINCTIV 
CHARACTERISTICS 


• 
Quad high-speed LSI bus-transceiver 


• 
Provides complete data path interface between the Am2960 
Error Dete~tion and Correction Unit, the system data bus and 
dynamic RAM memory 
• 
Three-state 24mA output to data bus 
• 
Three-state data output to memory 
• 
Inverting data bus for Am2961 and non-inverting for Am2962 
• 
Data bus latches allow operation with multiplexed buses 


• 
Advanced low-power Schottky processing 
• 
Space saving 24-pin 0.3" package 
• 
100% product assurance screening to MIL-STD-883 
requiremepts 
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FUNCTIONAL DESCRIPTION 


The Am2961 and Am2962 
are high-performance, 
low-power 


Schottky mUltiple bus buffers that provide the complete data path 
interface between the Am2960 Error Detection and Correction 
Unit, dynamic 
RAM memory and the system data bus. The 


Am2961 provides an inverting data path between the data bus 
(Bi) and the Am2960 error correction data input (Yi) 
and the 


Am2962 provides a non-inverting configuration (Bi to Vi)' Both 
devices provide inverting data paths between the Am2960 and 
memory data bus thereby optimizing internal data path speeds. 


The Am2961 and Am2962 are 4-bit devices. Four devices are 
used to interface each 16-bit Am2960 Error Detection and Cor- 
rection Unit with dynamic memory. The system can easily be 
expanded to 32 or more bits for wider memory applic~ions. 
The 


4-bit configuration 
allows 
enabling 
the app' :opr ate devices 


two-at-a-time for intermixed word or byte, rea an 
write in 16-bit 


systems with error correction. 


Data latches between the error 
rr 
f 
the sys- 


tem data bus facilitate byt 
riting in mem 
sy 
ms wider than 
8-bits. They also pro 
e 
data t'i 
ing capabilitY during single- 


step system operatip 


Am2964 


Dynamic Memory Controller 


DISTINCTIVE CHARACTERISTICS 


• 
Dynamic Memory Controller for 16K and 64K MaS dynamic 
RAMs 
• 
8-Bit Refresh Counter for refresh address generation, has 
clear input and terminal count output 


• 
Refresh Counter terminal count selectable at 256 or 128 


• 
Latch Input RAS Decoder provides 4 RAS outputs, all active 
during refresh 
• 
Dual 8-Bit Address 
Latches 
plus separate 
RAS Decoder 


Latches 
• 
Grouping functions on a common chip minimizes speed 
differential/skew 
between address, RAS and CAS outputs 


• 
3-Port, 8-Bit Addr~ss MUltiplexer with Schot1ky speed 


• 
Burst mode, distributed refresh or transparent refresh mode 
determined by user 
• 
Non-inverting address, RAS and CAS paths 


• 
100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am2964 Dynamic Memory Controller replaces several MSI 
devices by grouping several unique functions. Two 8-bit latches 
capture and hold the memory address. These latches and a 
clearable, 
8-bit refresh 
counter 
feed 
into an 8-bit, 
3-input, 


Schot1ky speed MUX, for output to the dynamic RAM address 
lines. 


The same silicon chip also includes a special RAS decoder and 
CAS buffer. Placing these functions on the same chip minimizes 
the time skew between output functions which would otherwise 
be separate MSI chips, and therefore, allows a faster memory 
cycle time by the amount of skew eliminated. 


Pulsing the active LOW refresh line RFSH, switches the MUX to 
the counter output, inhibits CAS, and forces al 
r RAS decoder 


outputs active simultaneously. 
The cou 
advanced at the 


end of the refresh cycle - the LOW- 
sition of RFSH. 


Various refresh modes can be acco 
or 16K or 64K 


RAMs and for a wide varie 
tions. 
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Am2965 • Am2966 


Octal Dynamic Memory Drivers with Three-State 
Outputs 


DISTINCTIVE 
CHARACTERISTICS 


• 
Octal drivers for 16K and 64K Dynamic RAMs 


• 
Maximum performance with -0.5V 
max undershoot 


• 
No external resistors required 


• 
Improved performance over 'S240/'S244 
• 
tpD specified for 50pF and 500pF 
• 
Specified for Vcc = 5.0V ±10% for COM'L and MIL 
versions 
• 
VOH guaranteed at Vcc -1 .15V min 


• 
10H and IJL specified at +2.0V 
• 
Low-power Schottky input characteristics 


• 
Inverting fm2965 
and non-inverting Am2966 


• 
Glitch-free 3-state outputs during power-up/down 


• 
Pin compatible replacements for designs using 'S240 and 
'S244 plu~ external resistors 
• 
Symmetrical controlled rise and fall time 
• 
100% product assurance screening per MIL-STD-883 


CONNECTION 
DIAGRAM 


Top 
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FUNCTIONAL 
DESCRIPTION 


The Am2965 and Am2966 are designed and specified to drive the 
capacitive input characteristics of the address and control lines of 
MaS dynamic RAMs. The unique design of the lower output 
driver includes a collector resistor to control undershoot on the 
HIGH-to-LOW transition. The upper output driver pulls up to Vcc 
- 1.15V to be compatible with MaS memory and is designed to 
have a rise time symmetrical with the lower output's controlled fall 
time. This allows optimization of Dynamic RAM performance. 


The Am2965 and Am2966 are pin-compatible with the popUlar 
'S240 and 'S244 with identical3-state output enable controls. The 
Am2965 has inverting drivers and the Am2966 has non-inverting 
drivers. 


The inclusion of an internal resistor in the lower output driver 
eliminates the requirement for an external series resistor, there- 
fore reducing package count and the board area required. The 
internal resistor controls the output fall and undershoot without 
slowing the output rise. 


These devices are designed for use with the Am2964 Dynamic 
Memory Controller where large dynamic memories with highly 
capacitive input lines require additional buffering. Driving eight 
address lines or four RAS and four CAS lines with drivers on the 
same silicon chip also provides a significant performance ad- 
vantage by minimizing skew between drivers. Each device has 
specified skew between drivers to improve the memory access 
worst case timing over the min and max tpD difference of un- 
specified devices. 
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Inputs 
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G 
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H 
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L 
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L 
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Temperaturi 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 
Continuous 


DC Voltage 
Applied 
to Outputs 
for High 
Output 
State 


DC Input 
Voltage 


DC Output 
Current, 
into Outputs 


DC Input 
Current 


-bb 
to +100"(; 


-55 
to +125°C 


-0.5 
to + 7.0V 


-0.5V 
to +Vcc 
max 


-0.5 
to + 7.0V 


30mA 


-30 
to +5.0mA 


ELECTRICAL 
CHARACTERISTICS 


The 
Following 
Conditions 
Apply 
Unless 
Otherwise 
Specified: 


I 
Am2965/66XC, 
DC, PC 
TA = 0 to 70°C 
Vcc 
= 5.0V ±10% 


Am2965/66XM, 
OM 
TA = -55 
to + 125°C 
Vcc = 5.0V ±10% 


Am2965/66FM 
Tc = -55to 
+125°C 
Vcc 
= 5.0V ±10% 


(MIN = 4.50V 
(MIN = 4.50V 
(MIN = 4.50V 


MAX = 5.50V) 
MAX = 5.50V) 
MAX = 5.50V) 


Typ 


(Note 2) 


VOH 
Output High Voltage 
Vcc = MIN 
IOH = -l00!LA 
Vcc-1.15 
Vcc-0.7V 
Volts 
VIN = VIH or VIL 


Vcc = MIN 
IOL = lmA 
0.5 


VOL 
Output LOW Voltage 
Volts 
VIN = V1H or VIL 
10L = 12mA 
0.8 


VIH 
Input HIGH Level 
Guaranteed 
input logical HIGH voltage 
2.0 
Volts 
for all inputs 


VIL 
Input LOW Level 
Guaranteed 
input logical LOW voltage 
0.8 
Volts 
for all inputs 


VI 
Input Clamp Voltage 
Vcc = MIN, 'IN = -18mA 
-1.2 
Volts 


IlL 
Input LOW Current 
Vcc = MAX, VIN = 0.4V 
-200 
!LA 


IIH 
Input HIGH Current 
Vcc = MAX, V1N = 2.7V 
20 
!LA 


II 
Input HIGH Current 
Vcc = MAX, V1N = 7.0V 
0.1 
mA 


10ZH 
Off-State Current 
Vo = 2.7V 
100 
!LA 


10ZL 
Off-State Current 
Vo = OAV 
-200 
!LA 


10L 
Output Sink Current 
VOL = 2.0V 
35 
mA 


10H 
Output Source Current 
VOH = 2.0V 
-35 
mA 


'sc 


Output Short Circuit Current 
Vcc = MAX 
-60 
-200 
mA 
(Note 3) 
(see 10H) 


All Outputs HIGH 
24 
50 


Am2965 
All Outputs LOW 
Vcc = MAX 
86 
125 
Outputs Open 


All Outputs Hi-Z 
86 
125 


Ice 
Supply Current 
mA 
All Outputs HIGH 
53 
75 


Am2966 
All Outputs LOW 
Vcc = MAX 
92 
130 
Outputs Open 
All Outputs Hi-Z 
116 
150 


Notes: 
1. For conditions shown as MIN or MAX, use the appropriate 
value specified under Electrical Characteristics 
for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Am2965 
• Am2966 
SWITCHING 
CHARACTERISTICS 


(TA = 
+25°C, vcc 
= 5.QV) 


CL =OpF 
6 
(Note 4) 


tpLH 
Propagation 
Delay Time from 
CL = 50pF 
6 
9 
15 
ns 


lOW-to-HIGH 
Output 
Figure 1 Test Circuit 
CL = 500pF 
15 
22 
35 


Figure 3 Voltage levels 
CL = OpF 
4 
(Note 4) 
and Waveforms 


tpHL 
Propagation 
Delay Time from 
CL = 50pF 
6 
12 
20 
ns 


HIGH-to-lOW 
Output 
CL = 500pF 
30 
45 
20 


tpLZ 
Output Disable Time from 
Figures 2 and 4, S = 1 
13 
20 


lOW, 
HIGH 
ns 
tpHZ 
Figures 2 and 4, S = 2 
8 
12 


tpZL 
Output Enable Time from 
Figures 2 and 4, S = 1 
13 
20 


ns 
tpZH 
lOW, 
HIGH 
Figures 2 and 4, S = 2 
13 
20 


tSKEW 
Output-to-output 
Skew 
Figures 1 and 3, CL = 50pF 
±0.5 
±3.0 
(Note 5) 
ns 


VONP 
Output Voltage Undershoot 
Figures 1 and 3, CL = 50pF 
0 
-0.5 
Volts 


fJ 


SWITCHING 
CHARACTERISTICS 


OVER OPERATING 
RANGE 
(Note 6) 


COM'L 
MIL (Note 7) 


TA = 0 to 70°C 
TA = -55 
to 
+125°C 


VCC = 5.0V 
±10% 
VCC = 5.0V 
±10% 


Parameters 
Description 
Test 
Conditions 
Min 
Max 
Min 
Max 
Units 


Propagation 
Delay Time 
CL = 50pF 
4 
20 
4 
20 
tpLH 
lOW-to-HIGH 
Output 
Figures 1 and 3 
ns 


CL = 500pF 
13 
40 
13 
40 


Propagation 
Delay Time 
CL = 50pF 
4 
24 
4 
24 
tpHL 
Figures 1 and 3 
ns 
HIGH-to-lOW 
Output 
CL = 500pF 
17 
50 
17 
50 


tpLZ 
Output Disable Time from 
S = 1 
24 
24 


lOW, 
HIGH 
Figures 2 and 4 
ns 
tpHZ 
S = 2 
16 
16 


tpZL 
Output Enable Time from 
S = 1 
28 
28 


lOW, 
HIGH 
Figures 2 and 4 
ns 
tpZH 
S=2 
28 
28 


VONP 
Output Voltage Undershoot 
Figures 1 and 3, CL = 50pF 
-0.5 
-0.5 
Volts 


Notes: 
4. Typical time shown for reference only - 
not tested. 
5. Time Skew specification 
is guaranteed 
by design but not tested. 


6. AC performance 
over the operating temperature 
range is guaranteed 
by testing defined in Group A, Subgroup 9. 


7. Tc = -55 
to +125°C for Flatpak versions. 
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OY 


Ir = If = 2.5ns 


f = 2.5MHz 
Ipw 
= 200ns 


tr = If = 2.5ns 
f = 1MHz 
Ipw = BOOns 


The RAM Driver symmetrical output design offers significant improvement over a standard Schottky output by providing a balanced drive 
output impedance (=3311 both HIGH and LOW), and by pulling upto MaS VOH levels (Vce - 1.15V). External resistors, not required with 
the RAM Driver, protect standard Schottky drivers from error causing undershoot but also slow the output rise by adding to the internal R. 


The RAM Driver is optimized to drive LOW at maximum speed based on safe undershoot control and to drive HIGH with a symmetrical 
speed characteristic. This is an optimum approach because the dominant RAM loading characteristic is input capacitance. 


The curves shown below provide performance characteristics typical of both the inverting (Am2965) and non-inverting (Am2966) RAM 
Drivers. 
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Figure 
5. tpLH 
for 
VOH = 2.7 Volts 
YS. CL. 
Figure 
6. tpHL for 
VOL = 0.8 Volts 
YS. CL' 


The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums and 
maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads. 
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RAs 
I 
I 


CAS--+--+-- 


I 
I 


22 Am9016s OR Am9064s 
I 
I 


Am •••• 
DYNAMIC 
MEMORY 
CONTROLLER 


TIMING 
AND 
CONTROL 
LOGIC 


"Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by 
using one device for address lines and one device for RAS/CAS. spreading the CAS loading over four 
drivers to equalize the capacitive load on each driver. 


.Metallization 
and Pad Layouts 


Am2965 
Am2966 


iG 
1 
19 
2G 
iG 
1 
19 
2G 


lAl 
2 
18 
1Vl 
lAl 
2 
18 
lV' 


2V4 
3 
17 
2A4 
2V4 
3 
17 
2A4 


1A2 
4 
16 
1V2 
lA2 
4 
16 
lV2 


2V3 
5 
15 
2A3 
2V3 
5 
15 
2A3 


lA3 
14 
lV3 
lA3 
6 
14 
lV3 


2V2 
13 
2A2 
2V2 
7 
13 
2A2 


lA4 
12 
lV4 
lA4 
8 
12 
lV4 


2Vl 
9 
11 
2Al 
2Vl 
9 
11 
2Al 


DIE SIZE 0.094" X 0.060" 
DIE SIZE 0.094" X 0.066" 


2-335 


Am2965 
• Am2966 
Order 
the part 
number 
according 
to the table 
below 
to obtain 
the desired 
package, 
temperature 
range, 
and 
screening 
level. 


Am2965 
Am2966 
Package 
Temperature 
Screening 


Order Number 
Order Number 
Type 
Range 
Level 


AM2965PC 
AM2966PC 
P-20 
C 
C-1 
AM2965DC 
AM2966DC 
D-20 
C 
C-1 


AM2965DC-B 
AM2966DC-B 
D-20 
C 
B-1 
AM2965DM 
AM2966DM 
D-20 
M 
C-3 
AM2965DMB 
AM2966DMB 
D-20 
M 
B-3 
AM2965FM 
AM2966FM 
F-20 
M 
C-3 
AM2965FMB 
AM2966FMB 
F-20 
M 
B-3 


AM2965XC 
AM2966XC 
Dice 
C 
} Visual inspection 


AM2965XM 
AM2966XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flatpak. Number following letter is number of leads. See Appendix 
B for detailed outline. 


Where Appendix B contains several dash numbers, any of the variations of the package may be used unless othewise specified. 
2. C = 0 to 70'C, Vcc 
= 4.50V to 5.50V, M = -55 
to +125'C, 
Vcc 
= 4.50V to 5.50V. 


3. See Appendix A for details of screening. 
Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms to MIL-STD-883, 


Class B. 


Am29112 


Interruptable 
8-Bit Microprogram 
Sequencer 


DISTINCTIVE CHARACTERISTICS 


• 
FAST 
Designed to operate in 10MHz microprogrammed 
systems. 


• 
Expandable 
One Am29112 directly addresses 
up to 256 words of mi- 


crocode. Two Am29112's can directly address up to 64K words 
of microcode. 


• 
Interruptable 
The Am29112 may be interrupted at the completion of a mi- 
crocycle. 
Internal states are saved on the stack and the 
Am29112 branches 
automatically 
to the interrupt 
service 
routine. 


• 
Many Addressing 
Modes 
Immediate, relative, and N-Way addressing are all possible 
with the Am29112. 


• 
31-Level Stack 
On-chip 31-1evelstack is used for subroutines, interrupts and 
loops. 


• 
Single or Double Pipeline 
The Am29112 may be configured for either single-level pipeline 
or double-level pipeline operation. 


• 
40-Pin Dual-in-Line 
Package 


Note: Am2900High PerformanceControllerProductsFamily. 


For informationon usingthe Am29112with other Am2900 High Perfor- 
manceControllerProducts,referto page2-339. 


Am29116 
16-Bit Bipolar Microprocessor 


DISTINCTIVE CHARACTERISTICS 


• 
Designed for Controller Applications 
Instruction set designed for high performance peripheral con- 
trollers, communications controllers. industrial controllers and 
digital modems ... but general purpose, too. Excellent solution 
for applications requiring speed and bit-manipulation power. 


• 
FAST 
Design objective of 100ns maximum microcycle time for all 
instructions. Allows a 10MHz clock rate. 


• 
Powerful Instruction Set 
All instructions executable in single cycle on full 16-bit word or 
on 8-bit byte: 


Add. Subtract 
N-bit Rotate 
Shift-Up/Shift-Down 


Set-Bit/Reset-Bit 
Add/Subtract 2N 


Rotate & Merge 
Rotate & Compare 
CRC Generation 
Priority Encode 


• 
Powerful Data Manipulation 
Full 16-bit data path. 32 registers on chip. Direct data input for 
immediate mode instructions. 


Note: Am2900 High PerformanceControllerProductsFamily. 


Referto the following pagefor more informationon the Am2900 High 
PerformanceControllerProductsFamily. 


RESERVED D--- 
vccD--- 
vccD--- 
GNOD--- 
GNOD--- 
cpD--- 
iEND--- 


32·WORD X 
16-81T RAM 


ADDRESS 


Am2900 HIGH PERFORMANCE 
CONTROLLER 
PRODUCTS 


A Better Way is Coming 


A new family of products coming from Advanced Micro Devices 
makes high-performance controller design a snap. 


Microprogramming: 
Best for Computers, 
Best for Controllers 


Microprogramming, 
long the preferred approach for computer 
design, olfers lots of advantages in controllers as well. The ease 
with which the functions of a microprogrammed controller can be 
enhanced and modified made the original 2900 Family popular 
for many disk, printer and communications controllers. The high 
speed operation of these microprogrammed 
systems makes it 


INT 
Am2910 
OR 


Am29112 
SEQUENCER 


MICROPROGRAM 
MEMORY 
BIPOLAR 
PROM/RAM 


possible to handle higher data rates from newer peripheral de- 
vices and to build intelligence into the controller. 


But the original 
2900 products 
are architecturally 
oriented 


toward computers, with design features optimized for arithmetic 
functions and short sequences of microinstructions. 
MOS pro- 


cessors are good choices for many low speed applications, but 
when the demand for speed and intelligence goes up, they can- 
not keep pace. Controllers need something better. 


Something 
better has been added to our 2900 Family: New 


products especially for controllers. Through 1980 and 1981, we'll 
be bringing you new products whose architectural features are 
optimized for bit manipulation, character 
handling, data com- 


munication and long, sophisticated microprograms. 
(Continued 


on next page) 
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IIUl a 
Ull 
slice" 
- 
it's a complete 
16-bit processor, with ALU, working 
registers and status register. It can do computer instructions like 
add and sl\btract, but it's more than a computer. The Am29116 
has instructions just for controllers - instructions not available in 
any other microprocessor. 
And it's fast - 
designed to run at 


10MHz clock rate, to keep up with the needs of today's high 
performance peripherals and tomorrow's high speed communi- 
cation channels. 


A Whole Family at Fast LSI Controller Parts 


There's more to our controller family than just the Am29116. A 
new sequencer, the Am29112, has been expressly designed for 
10MHz microprogram control, with features like real-time inter- 
rupt servicing and deep subroutining. Rapid internal data trans- 
fer is handled by the Am2940 DMA Address Generator and by 
the Am2950 handshaking 
I/O port. The Am9520 
Burst Error 


Processor will provide a solution for error correction on disk 


intelligent control problems. 


Typical Configuration Using the 2900 Controller Family 


A typical intelligent controller configuration is shown in Figure 1. 
The basic controller consists of the Am29116, a microprogram 
control unit and a high speed buffer memory. Each microinstruc- 
tion includes: A) a 16-bit instruction field to the Am29116, B) 
next-microinstruction 
selection 
bits, C) control for the buffer 


memory, 0 and E) control for the interface circuits and F) possi- 
bly an 8 or 16-bit data field. 


Interface circuits like the Am2940 and Am2950 are used to pro- 
vide DMA and to pass data between the controller and the host 
computer. Other circuits are used to interface to the peripheral. 
In this example, a disk interface is shown with a serial-parallel 
converter, a FIFO and a burst error processor. Controllers for 
other 
peripherals 
use identical 
hardware 
except 
for the 


peripheral interface itself. 


Am29700 • Am29701 
Non-Inverting 
Schottky 
64-Bit Random Access Memories 


Refer to 
Am27S06 • Am27S07 
in the Bipolar Memory Section 


The Am29700 is replaced by the Am27S06 
(open collector). 


The Am29701 is replaced by the Am27S07 
(3-state). 


Am29702 • Am29703 
Schottky 
64-Bit Random Access Memories 


Refer to 
Am27S02 • Am27S03 
in the Bipolar Memory Section 


The Am29702 is replaced by the Am27S02 
(open collector). 


The Am29703 is replaced by the Am27S03 
(3-state). 


Am29705 
16-Word by 4-Bit 2-Port RAM 


Distinctive 
Characteristics 


• 
16-word 
by 4-bit, 2-port 
RAM 


• 
Two output 
ports, 
each with 
separate 
output 
control 


• 
Separate 
four-bit 
latches on each output 
port 
• 
Data output 
is non-inverting 
with respect to data input 


FUNCTIONAL 
DESCRIPTION 


The 
Am29705 
is a 16-word 
by 4-bit, 
two-port 
RAM built 


using 
advanced 
Low-Power 
Schottky 
processing. 
This 
RAM 


features 
two 
separate 
output 
ports 
such that 
any two 
4-bit 
words 
can be read from 
these 
outputs 
simultaneously. 
Each 


output 
port 
has a four-bit 
latch but a common 
Latch 
Enable 
(LE) 
input 
is used 
to 
control 
all eight 
latches. 
The device 
has two 
Write 
Enable 
(WE) inputs 
and 
is designed 
such that 
the Write 
Enable 
1 (WE1) and Latch 
Enable 
(LE) inputs 
can 
be wired 
together 
to make the operation 
of the 
RAM appear 
edge triggered. 


The 
device 
has a fully 
decoded 
four-bit 
A-address 
field 
to 
address 
any of the 
16 memory 
words 
for the A-output 
port. 


Likewise, 
a four-bit 
B-address 
input 
is used to simultaneously 
select 
any 
of the 
16 words 
for 
presentation 
at the B-output 
port. 
New 
incoming 
data 
is written 
into 
the 
four-bit 
RAM 


• 
Chip 
Select 
and 
Write 
Enable 
inputs 
for 
ease 
in 


cascading 


• 
Advanced 
Low-Power 
Schottky 
processing 


• 
100% reliability 
testing 
in compliance 
with 


MIL -ST D-883 


word selected 
by the B-address. 
The D inputs are used to load 
new data into the device. 


The 
Am29705 
features 
three-state 
outputs 
so that 
several 
devices 
can 
be 
cascaded 
to 
increase 
the 
total 
number 
of 


memory 
words 
in the system. 
The A-output 
port is in the high- 


impedance 
state when the OE-A input 
is HIGH. Likewise, the 


B-output 
port 
is in the 
high-impedance 
state 
when 
the OE-B 


input 
is HIGH. 
Four devices can be paralleled 
using only one 


Am25LS139 
decoder 
for output 
control. 


The Write Enable 
inputs 
control 
the writing 
of new data into 


the 
RAM. When both Write Enable 
inputs 
are LOW, new data 
is written 
into the word selected 
by the B-address field. When 
either 
Write Enable 
input 
is HIGH, no data is written 
into the 


RAM. 


CONNECTION 
DIAGRAM 
Top View 


_65°C 
to +150°C 


_55°C 
to +125°C 


-O.5V 
to +7.0V 


-O:5V 
to +VCC max. 


-O.5V 
to +5.5V 


30mA 


-30mA 
to +5.0mA 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground 
Potential 
Continuous 


DC Voltage Applied 
to Outputs 
for HIGH Output 
State 


DC Input Voltage 


DC Output 
Current, 
Into Outputs 


DC Input Current 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
TEMPERATURE 
RANGE 
(Unless Otherwise 
Noted) 


Am29705XC 
TA=OoCJO+70oC 
° 
VCC=5.0V±5%(COM·L) 
MIN.=4.75V 
MAX.=5.25V 
Am29705XM 
TA=-55 
C,o+125 
e 
VCC=5.0V±10%(MIL) 
MIN=4.50V 
MAX.=5.50V 
Typ. 


Parameters 
Description 
Test 
Conditions 
(No,. 
1) 
Min. 
(No,. 2) 
Max. 
Units 


VOH 
Output HIGH Voltage 
VCC= MIN. 
MIL, 10H - -2.0mA 
2.4 


VIN = VIH or VIL 
Volts 
COM'L, 10H - --4.0mA 
2.4 


10L -4.0mA 
0.4 


Output LOW Voltage 


VCC = MIN. 
101:.- 8.0mA 
0.45 
Volts 
VOL 
VIN = VIH or VIL 
10L -12mA 
0.5 


VIH 
Input HIGH Level 
Guaranteedinput logical HIGH 
2.0 
Volts 
voltage for all inputs 


VIL 
Input LOW Level 
Guaranteedinput logical LOW 
0.8 
Volts 
voltagefor all inputs 


VI 
Input Clamp Voltage 
VCC= MIN., IIN = -18mA 
-1.5 
Volts 


Ai, Bi 
-0.25 


IlL 
Input LOW Current 
VCC = MAX., VIN = 0.4V 
OE·A.OE-B 
-0.54 
mA 


Others 
-0.36 


IIH 
Input HIGH Current 
VCC - MAX., VIN - 2.7V 
20 
p.A 


II 
Input HIGH Current 
V.CC= MAX., VIN = 5 5V 
0.1 
mA 


Off State (High Impedance) 
VCC= MAX. 
Vo = 2.7V 
20 


10 
Output 
Current 
VIN = VIH or VIL 
I Vo =O.4V 
I"A 
-20 


ISC 
Output 
Short Circuit Current 
VCC = MAX. 
-30 
-85 
mA 
(Note 3) 


TA = 25°C 
121 
195 


VCC = MAX. 
TA = DoCto +70°C 
210 


Ice 
Power Supply Current 
(WorstcaseICC isat 
TA=70°C 
170 
mA 
minimum 
temperature) 
(Note 4) 
TC = _55°C to +125°C 
210 


TC = 125°C 
150 


Notes: 
1. 
For conditions 
shown 
as MIN. or MAX., 
use the appropriate 
value specified 
under 
Electrical 
Characteristics 
for the applicable 
device 
type. 


2. Typical limits are at Vcc "" 5.QV. 25°C ambient and maximum loading. 
3. 
Not more 
than 
one output 
should 
be shorted 
at a time. 
Duration 
of the short 
circuit 
test should 
not exceed 
one second. 
4. 
All inputs 
grounded 
except 
OE-A and OE-B =2.4V. 


SWITCHING 
CHARACTERISTICS 


V T 
M 
(Input Levels = OV and 3.0 
ransltlons 
easured at 1.5 


Maximum 
Combinational 
Delays 
(in ns) (RL = 3900, 
CL = 50pF) 
TA = O°C to +70°C 
TC = _55°C 
to +125°C 


VCC = 4.75V to 5.25V 
VCC = 4.5V to 5.5V 
Parameters 
From 
To 
Conditions 


Access Time 
A Address Stable or 
YA Stable or 
LE = HIGH 
53 
58 
B Address Stable 
YB Stable 


Turn-On Time 
OE-A or OE-B LOW 
YA or YB Stable 
30 
30 


Turn-Off Time 
OE-A or OE-B HIGH 
YA or YB Off 
CL = 5.0pF 
20 
20 


Reset Time 
A-LO LOW 
YA LOW 
35 
35 


Enable Time 
LE HIGH 
YA and YB Stable 
32 
32 


t""arameters 
From 
To 
Conditions 
Max. 
Max. 


Data Set-up Time 
° Stable 
Either WE HiGH 
20 
25 


Data Hold Time 
Either WE HIGH 
°Changing 
3 
5 


Address Set·up Time 
B Stable 
Both WE LOW 
5 
5 


Address Hold Time 
Either WE HIGH 
B Changing 
0 
0 


Latch Close 
LE LOW 
WE1 LOW 
WE2 LOW 
0 
0 
Before Write Begins 
LE LOW 
WE2 LOW 
WE1 LOW 
0 
0 


AddressSet-up 
A or B Stable 
LE LOW 
45 
50 
Before 
Latch Closes 


TA = O°Cto 
TA = _55°C 
to 


Minimum 
Pulse Widths 


+70°C 
+125°C 
VCC = 5.0V 
±5% 
VCC = 5.0V 
±10% 


Parameters 
Input 
Pulse 
Conditions 
Max. 
Max. 


WE1 
HIGH-LOW-HIGH 
WE2 LOW 
25 
25 
Write PulseWidth 


WE2 
HIGH-LOW-HIGH 
WE1 LOW 
20 
20 


A Latch ResetPulse 
A-LO 
HIGH-LOW-HIGH 
20 
20 


Latch Data Capture 
LE 
LOW-HiGH-LOW 
20 
25 


RAM Outputs 
at Latch Inputs 


WE, 
WE2 
Function 
A-Port 
B-Port 


L 
L 
Write ° Into B 
A data (A", 
B) 
Not Specified 


X 
H 
No write 
A data 
B data 


H 
X 
No write 
A data 
B data 


H ~ HIGH 


L ~ LOW 


X = Don't 
care 


Inputs 


VA Output 
Function 


OE-A 
A-LO 
LE 


H 
X 
X 
Z 
High impedance 


L 
L 
X 
L 
Force YA LOW 


L 
H 
H 
A - Port RAM data 
Latches 
transparent 


L 
H 
L 
NC 
Latches 
retai n data 


H: 
HIGH 


L: 
LOW 


X "" Don't 
care 


Inputs 
VB Output 
Function 


OE-B 
LE 


H 
X 
Z 
High impedance 


L 
H 
B - Port RAM data 
Latches transparent 
L 
L 
NC 
Latches 
retain 
data 


H "" HIGH 
L ~ LOW 


X "" Don't 
ca.re 


LOADING RULES (In Unit Loads) 


Fan-out 


Input 
Output 
Output 


Input/Output 
Pin No.'s 
Unit 
Load 
HIGH 
LOW 


01 


DO 
2 


WE1 
3 


80 
4 
0.55 


81 
5 
0.55 


B2 
6 
0.55 


83 
7 
0.55 


A-LO 
8 


LE 
9 


Y80 
10 
100/200 
33 


YAO 
11 
100/200 
33 


YB1 
12 
100/200 
33 


YA1 
13 
100/200 
33 


GND 
14 


YB2 
15 
100/200 
33 


YA2 
16 
100/200 
33 


YB3 
17 
100/200 
33 


YA3 
18 
100/200 
33 


OE-B 
19 


OE-A 
20 


A3 
21 
0.55 


A2 
22 
0.55 


A1 
23 
0.55 


AO 
24 
0.55 


WE2 
25 


03 
26 


02 
27 


VCC 
28 


INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 


J 


I 
\J 
I 


I 
I 
IlL 


I 


I 


All delays 
are measured 
from 
1.5V at the input to 1.5V at the 


output, 
except 
the output 
disable 
times 
which 
are measured 


from 
1.5V at the input to 0.5V below or above the output 
level. 


1. For function 
and AC tests except output enable tests 8" 82 


and 83 are closed 
while 84 is open. 
2. 
For output enable 
tests: 


tpZH: 
8, and 83 are closed, 82 and 84 are open. 
tpZL: 
8, and 82 are closed, 83 and 84 are open. 
3. 
CL = 5pF for output disable 
tests. 


OUTPUT 
UNDER 


TEST 


~s, 


CL = SOpFI 


00.0,.02.03 
Data 
Inputs. 
New data is written 
into 
the RAM through 
these inputs. 


AO. A" 
A2. A3 
The 
A-address 
Inputs. 
The 
four-bit 
field 
presented 
at the A inputs 
selects 
one of the 
16 memory 
words 
for 
pre- 
sentation 
to the A-Data 
Latch. 


BO. B,. 
B2, B3 
The 
B-address 
inputs. 
The 
foLir-bit 
field 
presented 
at the B inputs 
selects 
one of the 
16 memory 
words 
for 
pre- 
sentation 
to 
the 
B-Data 
Latch. 
The B 


address field 
also selects the word 
into 


wh ich new data is written. 


YAO, YA" 
YA2, 
YA3 
The four A-Data 
Latch Outputs. 


YBO, YB" 
YB2. 
YB3 
The four 
B-Data Latch Outputs. 


WE" 
WE2 
Write 
Enables. 
When 
both 
Write 
Enables are LOW, new data is written 
into 
the word selected by the B-address 


field. 
If 
either 
Write 
Enable 
input 
is 


HIGH, 
no 
new 
data 
can 
be written 


into the memory. 


OE-A 
A-port 
Output 
Enable. 
When OE-A 
is 
LOW, 
data 
in 
the 
A-Data 
Latch 
is 
present 
at 
the 
Y Ai outputs. 
If OE-A 
is HIGH, 
the 
Y Ai 
outputs 
are in the 


high-impedance 
(off) 
state. 


OE-B 
B-port 
Output 
Enable. 
When 
OE-B 
is 


LOW, 
data 
in 
the 
B-Data 
Latch 
is 


present 
at 
the 
YBi 
outputs. 
When 


OE-B 
is HIGH. 
the 
YBi 
outputs 
are 


in the high-impedance 
(off) 
state. 


LE 
Latch 
Enable. 
The 
LE input 
controls 


the 
latches 
for 
both 
the 
RAM 
A-out· 


put 
port 
and 
RAM 
B-output 
port. 


When 
the 
LE 
Input 
is 
HIGH, 
the 


latches are open (transparent) 
and data 


from 
the 
RAM, 
as selected 
by the 
A 
and 
B address fields, 
is present 
at the 


outputs. 
When 
LE is LOW. the latches 


are 
closed 
and 
they 
retain 
the 
last 


data 
read from 
the 
RAM 
independent 


of 
the 
current 
A and 
B address field 


inp'uts. 


A-LO 
Force 
A 
Zero. 
This 
input 
is used to 


force 
the outputs 
of the A-port 
latches 


LOW independent 
of the Latch 
Enable 


input 
or 
A-address 
field 
select inputs. 


Thus. 
the A-output 
bus can be forced 


LOW 
using 
this 
control 
signal. 
When 


the A-La 
input 
is HIGH. 
the A latches 


operate 
in their 
normal 
fashion. 
Once 


the 
A 
latches 
are forced 
LOW. 
they 


remain 
LOW independent 
of the A-La 
input 
if the latches are closed. 


APPLICATIONS 


DO 
0, 
0, 
0, 


I 
I 
I 
I 
E::~r~ 
-c 
WE, 
DO 
0, 
0, 
0, 


A,_ 
A, 
B3~83 


A,_ 
A, 
B2~B2 


A,_ 
·A, 


Am29705 
B, 
~Bl 


AO- 
Ao 
Bo t-- 
80 


FOR~~~ -c 
A·LO 
LE p- CLOCK 
~g~~;gr 
-c 


WE, 


OE-A 
YB2 
YB3 DE-B P-- BOUTPUT 


VA, 
YAO 
VA2 
YA3 
YBO 
YB, 
CONTROL 


I 
I 
I 
I 
I 
I 
I 
I 


YAl 
YAO YA2 
YA3 
YBO 
VB, 
VB2 
Y83 


MPR-257 


A 16-word 
by 4-bit two-port 
RAM with 
LE and WE1 connected 
to make the device appear edge triggered. 
WE1 and WE2 are logically identical 
but are electrically 
slightly different. 
For synchronous 
operation 
with- 
out possibility 
of race, WE, should be connected 
to LE. 


LATCH 
ENABLE 
DATA INPUT 
a·PORT 
! 
ENABLE 
~~~~~- 
'00°1 
02 0] . 


oj 


W', 
.. 
.. 
'0 
'0 ~ 


A, 
A, 
" 
~ 
" 
0-85- 
A, 
A, 


Am291O!i 
" 
" 
A, 
A, 
~ 
A_8 
.. 


-C 
A·LO 
" 
- 
--< " 
S 


DE'" 
OE-S 


'1'''0 
••• 
VA] 
'1'80 
••• 
VB] 
W~2 


Y 


"SOURCE 
AODRESS 
W',.. 
'0 
B SOURCE 
A, 
" 


ADDRESS 


A, 


A, 
" 


-C ACO 
" 
,·A 
oe·a 
- 


'0:J 
W', 
s 
A .• - 
A 
? 
..a-83 
" 
"5-8 
38-8, 
~ro 
" 
()-- 
" 


28-81 
" 0- 
W,, 
" 
§ 
lS_Bo_ 


A·PORT 
.. 
'0 
" l 
lA-CO- 


ENABLE 
A, 
" 
" 
2A-C1 
A, 


A, 
" 
3A-e, 


-CA·, 
" 


4A _CJ 
a 


DE'" 
OE-S 
~ 
W', 
C-DESTINATION 


Y 
ADORESS 


~ 


W" " 
00°, 
0, 
OJ 
an 
.. 
'0 
--< '0 
~ 
A, 
~ 
A_C 
.• 
',- 
L....-...<; " 
§ 
A, 


Am29705 
~ .-c, 


A, 
',- 
Y, ~ 
C* 


FORCE ZERO 
A' 
',- 
I 


Y, 


0'· 
OE·a 
G2A 
Gl 


W', 
~ 


Y 


,YAo 
.~. 
VA3, 
~ 
A OUTPUT 
8 OUTPUT 


MPA·258 


A 64-word 
by 4-bit three address 
memory. 
Data is read from the A address to the YA outputs 
and from the 
B address 
to the YB outputs 
while the latch enable is HIGH. When the latch enable goes LOW, the YA and 
YB data 
is held in the internal 
latches, and the RAM B address 
is switched to the C-destination 
address lines. 
A write pulse will then deposit 
the input data into the location 
selected 
by the C address. 


Am25LS2569 


R 
COUNTER 
REGISTER 


Am25LSl63 
a 
COUNTER 
REGiSTER 


Am25LS2569 
S 
COUNTER 
REGISTER 


A 


Am25LS2521 
ADDRESS 


COMPARATOR 


The 
Am29705 
as a two-way 
interface 
buffer. 
Data 
may 
be passed between 
the 
main 
data 
bus and the peri- 


pheral 
data 
bus under 
I/O 
control. 
The 
two-port 
RAM 
allows 
data to be written 
into 
buffer 
storage 
from 
a 


peripheral 
device, 
using the 
B address port 
and the 
S counter 
register, 
while 
it is being read into 
main memory, 
using the A address 
port 
and the Q counter 
register. 
This 
simultaneous 
read/write 
capability 
facilitates 
DMA 


transfers 
because 
the 
CPU 
can ignore 
write 
requests 
from 
the 
peripheral 
device. 
Data 
output 
from 
CPU to 


the 
peripheral 
device 
is handled 
by sequential 
write 
and read operations. 
Data 
is written 
into 
buffer 
storage 
from 
the 
CPU, 
using the 
B address 
port 
and the 
R counter 
register. 
It is read onto 
the peripheral 
device 
using 


the 
B address 
port 
and either 
the 
R register, 
for 
single word 
transfers, 
or the S register, 
for 
block 
transfers. 


Package Type 
Operating 
Range 
Screening 
Level 
Order Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM29705PC 
P-28 
C 
C-1 
AM29705DC 
D-28 
C 
C-1 
AM29705DCTB 
D-28 
C 
B-2 (Note 4) 
AM29705DM 
D-28 
M 
C-3 
AM29705DM-B 
D-28 
M 
B-3 
AM29705FM 
F-28-1 
M 
C-3 
AM29705FM-B 
F-28-1 
M 
B-3 


AM29705XC 
Dice 
C 
} 


Visual inspection 


AM29705XM 
Dice 
M 
to MIL-STD-883 
Method 2010B. 


Notes: 
1. P = Molded DIP, D = Hermetic 
DIP, F = Flat Pak. Number fallowing 
letter is number of leads. See Appendix 
B for detailed 
outline. 


Where Appendix 
B contains several dash numbers, 
any of the variations 
of the package may be used unless otherwise 
specified. 


2. C = O'C to +70'C, 
Vcc = 4.75V to 5.25V, M = - 
55'C to +125'C, 
Vcc = 4.5QV to 5.50V. 


3. See Appendix 
A for details of screening. 
Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms 
to MIL-STD-883, 


Class B. 


4. 96 hour burn-in. 


Am29705A 
16-Word by 4-Bit 2-Port RAM 


DISTINCTIVE CHARACTERISTICS 


• 
Faster Version of the Am29705 
The Am29705A has a design objective of a 30-40% speed 
improvement on the critical paths versus the Am29705 . 


• 
Plug-in Replacement for the Am29705 
The Am29705A is a pin-far-pin replacement for the Am29705. 
Systems using the Am29705 will be able to use the Am29705A 
instead with no design changes. 


Am29720 • Am29721 
Low-Power 
Schottky 
256-Bit Random Access 
Memories 


Refer to 
Am27LSOO • Am27LS01 
in the Bipolar Memory Section 


The Am29720 is replaced by the Am27LS01 
(open collector). 


The Am29721 is replaced by the Am27LSOO 
(3-state). 


Am29750A • Am29751A 
256-Bit Generic Series Bipolar 
PROM 


Refer to 
Am27S18· 
Am27S19 
in the Bipolar Memory Section 


The Am29750A is replaced by the Am27S18 
(open collector). 


The Am29751A is replaced by the Am27S19 
(3-state). 


Am29760A • Am29761A 
1024-Bit 
Generic 
Series 
Bipolar 
PROM 


Refer to 
Am27S20 • Am27S21 
in the Bipolar Memory Section 


The Am29760A is replaced by the Am27S20 
(open collector). 


The Am29761A is replaced by the Am27S21 
(3-state). 


Am29770 • Am29771 
2048-Bit 
Generic 
Series 
Bipolar 
PROM 


Refer to 
Am27S12 • Am27S13 
in the Bipolar Memory Section 


The Am29770 is replaced by the Am27S12 
(open collector). 
The Am29771 is replaced by the Am27S13 
(3-state). 


Am29774 • Am29775 
4096·Bit Generic Series Bipolar 
PROM with Register 


Refer to 
Am27S26 • Am27S27 
in the Bipolar Memory Section 


The Am29774 is replaced by the Am27S26 
(open collector). 


The Am29775 is replaced by the Am27S27 
(3-state). 


• 
16 separateinstructions - 2 , 4 , 8, 
or 16-way branch in 


one microprogram execution cycle 


• 
Four individual test inputs 
• 
Four individual outputs for driving the four OR inputs on 
the Am2909 Microprogram Sequencer 
• 
Provides maximum branch capability in a microprogram 
control unit usingthe Am2909 


• 
Advanced Low-PowerSchottky processing 


• 
100% reliability assurancetesting in compliance with MIL- 
STD-883 


FUNCTIONAL DESCRIPTION 


The Am29803A is a Low-Power Schottky processed device 
that provides 16-way branch control when used in con- 
junction with the Am2909 Microprogram 
Sequencer. 


The device features 16 instructions that provide all com- 
binations of simultaneous testing of four different inputs. 
The device has four outputs that are used to drive the 
four OR inputs of the Am2909 Microprogram 
Sequencer. 


The "zero" 
instruction 
inhibits the testing of any of the 


four test (T) inputs. The remaining 
15 instructions 
are 


used to test combinations 
of 1, 2, 3, or 4 of the T inputs 


simultaneously. 
If one 
T input 
is being 
tested, 
the 


Am29803A will 
select one of two 
possible addresses. If 


two T inputs are being tested, the device will select one of 
four possible addresses. If three T inputs are being tested, 
the device will select one of eight possible addresses. If 
all four T inputs are being tested, the device will select 
one of sixteen addresses as the field used to drive the OR 
inputs of the Am2909. 


LOGIC DIAGRAM 


0E2 
DEl 


T3 
1'3 
OR3 
OR3 


T2 
1'2 
0A2 
OR2 


DECODE 
MATRIX 


T, 
T, 
OR1 
OR, 


TO 
To 
'0 
" 


'2 
'3 


ORo 
ORO 


'0 


" 


'2 
'3 
MPR-309 


CONNECTION DIAGRAM 
LOGIC SYMBOL 


Top View 


Vcc 
'3 
0E2 
eEl 
OR3 
OA2 
OR, 
ORO 


'5 
'3 
'3 


'2 
DE, 


" 
OE2 
1. 


'0 
ORo 
OR, 
OA2 
OA3 


'2 
" 
'0 
T3 
TO 
T, 
T2 
GNO 
'0 
11 
'2 


VCC:::: Pin 16 


Note: Pin 1 is marked for orientation. 
GND = Pin 8 


MPR·310 
MPR·311 


2-352 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs 


I 


DC Input Voltage 


DC Input Current 


- 65°C to + 150°C 


-55°C 
to +125°C 


-O.5V to + 7.0V 


-O.5V to +Vcc 
max. 


-O.5V to +5.5V 


-30mA 
to +5mA 


Am29803ADC 


Am29803ADM 


TA = O°C to +75°C 


TA = -55°C 
to +125°C 


Vcc = 5.0V ;:5% 


Vcc 
= 5.0V ;:10% 


r.:LECTRICAL CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless 
Otherwise 
Notedl 
PRELIMINARY 
DATA 


Typ. 


(Note 11 


Vcc 
= MIN .• IOH = -2.0mA 
VOH 
Output 
HIGH 
Voltage 
VIN = VIH or VIL 


2.4 
Volts 


VOL 
Output 
LOW Voltage 


VCC - MIN .• IOL - 16mA 
0.45 
Volts 
VIN = VIH or VIL 


VIH 
Input 
HIGH 
level 
Guaranteed 
input 
logical 
H IG H 
2.0 
Volts 
voltage 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
0.8 
Volts 


I 
voltage 
for all inputs 


IlL 
Input 
LOW Current 
VCC = MAX .• VIN = 0.45V 
-0.010 
-0.250 
mA 


IIH 
Input 
HIGH 
Current 
VCC - MAX .• VIN = 2.7V 
25 
IlA 


II 
Input 
HIGH 
Current 
VCC = MAX .• VIN = 5.5V 
1.0 
mA 


ISC 
Output Short Circuit Current 
VCC = MAX .• VOUT = O.OV INote 
2) 
-20 
-40 
-90 
mA 


ICC 
Power Supply Current 
All inputs = GND 
95 
130 
mA 
VCC = MAX. 


VI 
Input 
Clamp Voltage 
VCC = MIN .• 'IN = -18mA 
-1.2 
Volts 


Vo 
= 4.5V 
40 


ICEX 
Output 
Leakage 
Current 
VCC = 
MAX. 
Vo 
= 
2.4V 
40 
IlA 
VCS1 = 2.4V 
Vo 
= O.4V 
-40 


CIN 
I nput 
Capacitance 
VIN = 2.0V 
@ f = 1 MHz (Note 3) 
4 


COUT 
VOUT 
- 2.0V 
@ f = 1 MHz INote 
3) 
8 
pF 
Output 
Capacitance 


Note 
1. Typical 
limits 
are at V cc = 5.DV 
and 
T A = 25°C 


2. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
should 
not 
be more 
than 
one 
second. 


3. These parameters 
are not 100% tested, 
but are periodically 
sampled. 


Am29803A 


SWITCHING 
CHARACTERISTICS 
(TA; 
+25°C, 
VCC; 
5.0V) 


tpLH 
rj to ORj 
25 
35 
ns 


tpHL 


tpLH 
rj to ORj 
CL=15pF 
25 
35 
ns 
tpHL 
RL=2.0kl1 


tZH 


OEj to ORj 
15 
18 
ns 
tZL 


tHZ 


OEj to ORj 
CL = 5.0pF 


RL = 2.0kl1 


15 
18 
ns 
tLZ 


SWITCHING 
CHARACTERISTICS 
COM'L 
MIL 
OVER OPERATING 
RANGE 


TA; 
O°C to +70°C 
TA; 
_55°C 
to +12SoC 


VCC; 
5.0V 
±5% 
VCC = 5.0V 
±10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


tpLH 


Ij to ORj 
45 
60 
ns 
tpHL 


tpLH 


Tj to ORj 
45 
60 
ns 


tpHL 
CL=15pF 


tZH 
OEj to ORj 
RL = 2.0kl1 


30 
30 
ns 


tZL 


tHZ 
OEj to ORj 
20 
20 
ns 
tLZ 


DEFINITION 
OF FUNCTIONAL 
TERMS 


10, '1, 12, 13 
The 
four 
instruction 
inputs 
to 
the 
device 
TO T1, T2, T3 
The 
four 
test 
inputs 
for 
the 
device 
ORO' OR1' OR2, OR3 
The four outputs 
of the device that are 
connected 
to the four OR inputs ofthe 
Am2909 
OE1' OE2 
Output 
Enable. 
When either 
OE input 
is HIGH, 
the 
ORi outputs 
are in the 
high impedance 
state. 
When 
both the 
OE1 and OE2 inputs are LOW, the OR 
outputs 
are 
enabled 
and the 
selected 
data wi II be present. 


LOW-POWER SCHOTTKY 
INPUT/OUTPUT 


CURRENT 
INTERFACE 
CONDITIONS 


GUARANTEED 
LOADING 
RULES 


OVER OPERATING 
RANGE (In Unit Loads) 


Output 


Input 
Output 
LOW 


Pin No:s 
Input/Output 
Load 
HIGH 
MIL 
COM'L 


1 
12 
0.5 
- 
- 
- 


2 
'1 
0.5 
- 
- 
- 


3 
'0 
0.5 
- 
- 
- 


4 
T3 
0.5 
- 
- 
- 


5 
TO 
0.5 
- 
- 
- 


6 
Tl 
0.5 
- 
- 
- 


7 
T2 
0.5 
- 
- 
- 


8 
GND 
- 
- 
- 
- 


9 
ORO 
- 
100 
44 
44 


10 
ORl 
- 
100 
44 
44 


11 
OR2 
- 
100 
44 
44 


12 
OR3 
- 
100 
44 
44 


13 
OEl 
0.5 
- 
- 
- 


14 
OE2 
0.5 
- 
- 
- 


15 
13 
0.5 
- 
- 
- 


16 
VCC 
- 
- 
- 
- 


.'10 I est 
L 
L 
L 
L 
X 
X 
X 
X 
L 
L 
L 
L 


X 
X 
X 
L 
L 
L 
L 
L 
;rest TO 
L 
L 
L 
H 
X 
X 
X 
H 
L 
L 
L 
H 


X 
X 
L 
X 
L 
L 
L 
L 
TestT, 
L 
L 
H 
L 
X 
X 
H 
X 
L 
L 
L 
H 


X 
X 
L 
L 
L 
L 
L 
L 


H 
X 
X 
L 
H 
L 
L 
L 
H 
TestTo&T, 
L 
L 
H 
X 
X 
H 
L 
L 
L 
H 
L 
X 
X 
H 
H 
L 
L 
H 
H 


L 
X 
L 
X 
X 
L 
L 
L 
L 
TestT2 
L 
H 
L 
X 
H 
X 
X 
L 
L 
L 
H 


X 
L 
X 
L 
L 
L 
L 
L 


H 
X 
L 
X 
H 
L 
L 
L 
H 
TestTo&T2 
L 
H 
L 
X 
H 
X 
L 
L 
L 
H 
L 


X 
H 
X 
H 
L 
L 
H 
H 


X 
L 
L 
X 
L 
L 
L 
L 
X 
L 
H 
X 
L 
L 
L 
H 
TestT, 
&T2 
L 
H 
H 
L 
X 
H 
L 
X 
L 
L 
H 
L 


X 
H 
H 
X 
L 
L 
H 
H 


X 
L 
L 
l 
L 
L 
L 
L 


X 
L 
L 
, 
L 
L 
L 
H 
X 
L 
H 
L 
L 
L 
H 
L 
X 
L 
H 
H 
L 
L 
H 
H 
Test TO.T, & T2 
L 
H 
H 
H 
X 
H 
L 
L 
L 
H 
L 
L 
X 
H 
L 
H 
L 
H 
L 
H 
X 
H 
H 
L 
L 
H 
H 
L 


X 
H 
H 
H 
L 
H 
H 
H 


L 
L 
X 
X 
X 
L 
L 
L 
L 
Test T3 
H 
L 
L 
H 
X 
X 
X 
L 
L 
L 
H 


L 
X 
X 
L 
L 
L 
L 
L 


L 
X 
X 
H 
L 
L 
L 
H 
TestTo&T3 
H 
L 
L 
H 
H 
X 
X 
L 
L 
L 
H 
L 


H 
X 
X 
H 
L 
L 
H 
H 


L 
X 
L 
X 
L 
L 
L 
L 


L 
X 
H 
X 
L 
L 
L 
H 
TestT,&T3 
H 
L 
H 
L 
H 
X 
L 
X 
L 
L 
H 
L 


H 
X 
H 
X 
L 
L 
H 
H 


L 
X 
L 
L 
L 
L 
L 
L 


L 
X 
L 
H 
L 
L 
L 
H 


L 
X 
H 
L 
L 
L 
H 
L 


L 
X 
H 
H 
L 
L 
H 
H 
TestTo. T, & T3 
H 
L 
H 
H 
H 
X 
L 
L 
L 
H 
L 
L 
H 
X 
L 
H 
L 
H 
L 
H 


H 
X 
H 
L 
L 
H 
H 
L 


H 
X 
H 
H 
L 
H 
H 
H 


L 
L 
X 
X 
L 
L 
L 
L 
TestT2&T3 
L 
H 
X 
X 
L 
L 
L 
H 
H 
H 
L 
L 
H 
L 
X 
X 
L 
L 
H 
L 


H 
H 
X 
X 
L 
L 
H 
H 


L 
L 
X 
L 
L 
L 
L 
L 


L 
L 
X 
H 
L 
L 
L 
H 


L 
H 
X 
L 
L 
L 
H 
L 
TestTo.T2&T3 
L 
H 
X 
H 
L 
L 
H 
H 
H 
H 
L 
H 
H 
L 
X 
L 
L 
H 
L 
L 


H 
L 
X 
H 
L 
H 
L 
H 


H 
H 
X 
L 
L 
H 
H 
L 


H 
H 
X 
H 
L 
H 
H 
H 


L 
L 
L 
X 
L 
L 
L 
L 


L 
L 
H 
X 
L 
L 
L 
H 


L 
H 
L 
X 
L 
L 
H 
L 


TestT,. 
T2& T3 
H 
H 
H 
L 
L 
H 
H 
X 
L 
L 
H 
H 


H 
L 
L 
X 
L 
H 
L 
L 


H 
L 
H 
X 
L 
H 
L 
H 


H 
H 
L 
X 
L 
H 
H 
L 


H 
H 
H 
X 
L 
H 
H 
H 


: 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
H 
L 
L 
L 
H 


L 
L 
H 
L 
L 
L 
H 
L 


L 
L 
H 
H 
L 
L 
H 
H 
L 
H 
L 
L 
L 
H 
L 
L 
.L 
H 
L 
H 
L 
H 
L 
H 


L 
H 
H 
L 
L 
H 
H 
L 
Test TO.T,. T2 & T3 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
L 
L 
L 
H 
L 
L 
L 


H 
L 
L 
H 
H 
L 
L 
H 


H 
L 
H 
L 
H 
L 
H 
L 


H 
L 
H 
H 
H 
L 
H 
H 


H 
H 
L 
L 
H 
H 
L 
L 


H 
H 
L 
H 
H 
H 
L 
H 


H 
H 
H 
L 
H 
H 
H 
L 


H 
H 
H 
H 
H 
H 
H 
H 


Order 
Package Type 
Operating 
Range 
Screening 
Level 


Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM29803APC 
P-16 
C 
C-1 
AM29803AOC 
0-16 
C 
C-1 
AM29803AOC-8 
0-16 
C 
8-1 
AM29803AOM 
0-16 
M 
C-3 
AM29803AOM-8 
0-16 
M 
8-3 


AM29803AFM 
F-16 
M 
C-3 
AM29803AFM-8 
F-16 
M 
8-3 


Notes: 
1. P = Molded 
DIP, 0 = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
8 for detailed 
outline. 


Where Appendix 
8 contains several dash numbers, any of the variations 
of the package may be used unless otherwise 
specified. 
2. C = O°C to +70°C, Vcc 
=·4.75V 
to 5.25V, M = - 
55°C to + 125°C, Vcc 
= 4.50V to 5.50V. 
3. Sf*' 
Appendix 
A for details of screening. 
Levels C-1 and C-3 conform to MIL-STO-883, 
Class C. Level 8-3 conforms 
to MIL-STO-883, 


Class 8. 


STARTING 
ADDRESS 


DECODER 


OUTPUT 


~Arn2911 
MICR~SEQUENCER 
~ 


IT. pUP 


STACK 
POINTER 


I 


I 


I 


I 


IL__ 


Am29803A 


OR 
16WAY 
BRANCH 


CONTROL 
UNIT 


I 


Am29811A 
NEXT 


ADDRESS 
CONTROL 


TEST 


A typical computer control unit using the Am2909, Am2911, Am29803A and Am29811A. Note that 
the least significant microprogram sequencer is an Am2909 and the more significant sequencers 
are Am2911's. 


Am29811A 
Next Address Control Unit 


• 
Next addresscontrol unit for the Am2911 Microprogram 
Sequencer 
• 
16 next add(essinstructions 
• 
Test input for conditional instructions 
• 
Separateoutputs to control the Am2911, an independent 
event counter, 
and a mapping PROM/branch address 


interface 
• 
Advanced Low-PowerSchottky technology 
• 
100% reliability assurancetesting in compliance with MIL- 
STD-883 


FUNCTIONAL CHARACTERISTICS 


The Am29811A is a Low-Power Schottky device designed 
specifically for next address control of the Am2911 Micro- 
program Sequencer. The device contains all outputs 
re- 


quired to control 
a high-performance 
computer 
control 


unit or a structured state machine design using micropro- 
gramming techniques. 


Sixteen 
instructions 
are available 
by using 
a four-bit 


instruction field 
10-3, In addition, a test input is available 


such that conditional instructions can be performed based 
on a condition code test input. 


The full instruction set consists of such functions as con- 
ditional 
jumps, 
conditional 
jump-to-subroutine, 
condi- 


tional 
return-from-subroutine, 
conditional 
repeat loops, 


conditional branch to starting address, and so forth. 


One Am29811A can be used to control 
any number of 


Am2911 
Microprogram 
Sequencers. 
The Am2911 
Se- 


quencer is a four-bit 
slice itself. Thus, one Am29811 A 


Next Address Control Unit and three Am2911 Micropro- 
gram Sequencers can be used to build the most powerful, 
state-of-the-art, microprogram 
sequencer capable of con- 
trolling 4k words of microprogram memory. 


CONNECTION DIAGRAM 


Top View 


MAP E 
Vcc 


PUP 
0. 


FE 
'3 


5, 
'2 


So 


" 


CNT LOAD 
'0 


CNT E 
TEST 


GNO 


Vcc::: Pin 16 


GND=Pin8 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs 


DC Input Voltage 


DC Input Current 


- 65°C to + 150°C 


- 55°C to + 125°C 


-O.5V to +7.0V 


-O.5V to +Vcc 
max. 


-O.5V to +5.5V 


-30mA 
to +5mA 


Am29811ADC 


Am29811ADM 


TA = O°C to +75°C 


TA = -55°C 
to +125°C 


Vcc = 5.0V ±5% 


Vcc 
= 5.0V ±10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE (Unless Otherwise Noted) 


PRELIMINARY 
DATA 


Typ. 


(Note 
1) 


VOH 
j 


VCC = MIN., 
IOH = -2.0mA 


Output 
HIGH 
Voltage 
VIN = VIH 
or VIL 
2.4 
Volts 


VOL 
Output 
LOW Voltage 
VCC = MIN., 
IOL = 16mA 
0.45 
Volts 
VIN = VIH 
or VIL 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical HIGH 
2.0 
Volts 


I 
. 
voltage 
for all inputs 


VIL 
Input 
LOW Level 


Guaranteed 
input 
logical 
LOW 
0.8 
Volts 


voltage 
for all inputs 


IlL 
Input 
LOW Current 
VCC = MAX., 
VIN = 0.45V 
-0.010 
-0.250 
mA 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
- 2.7V 
25 
I"A 


II 
Input 
HIGH 
Current 
VCC = MAX., 
VIN = 5.5V 
1.0 
mA 


ISC 
Output 
Short Circuit 
Current 
VCC = MAX., 
VOUT 
= O.OV (Note 
2) 
-20 
-40 
-90 
mA 


ICC 
Power Supply 
Current 
All 
inputs = GND 
90 
115 
mA 


VCC = MAX. 


VI 
Input 
Clamp 
Voltage 
VCC = MIN., 
IIN = -18mA 
-1.2 
Volts 


Vo 
= 4.5V 
40 


ICE X 
Output 
Leakage Current 
VCC = MAX. 
Vo = 2.4V 
40 
I"A 
Ves 
= 2.4V 


Vo 
= O.4V 
-40 


CIN 
Input 
Capacitance 
VIN 
- 2.0V 
@f 
- 1 MHz (Note 
3) 
4 


COUT 
Output 
Capacitance 
VOUT = 2.0V 
@f 
= 1 MHz (Note 
3) 
pF 


8 


Notes: 
1. TVpical 
limits 
are at V CC = 5.0 V and T A = 25° C. 


2. 
Not 
more 
than 
one output 
should 
be shorted 
at a time. 
Duration 
of the short 
circuit 
should 
not be more 
than 
one second. 
3. 
These parameters 
are not 100% tested. but periodicallv 
sampled. 


SWITCHING 
CHARACTERISTICS 


(TA = +25°C, VCC = 5.QV) 


tpLH 
Ii to Any Output 
25 
35 
ns 
tPHL 
. 


tPLH 
Test to Any Output 
CL = 15pF 


25 
35 
ns 
tpHL 
RL=2.0kl1 


tZH 
OE to Any Output 
15 
20 
ns 


tZL 


.tl:1,!; 


OE to Any Output 
CL =5.0pF 
15 
20 
RL=2.0kl1 
ns 
tLZ 


SWITCHING 
CHARACTERISTICS 
COM'L 
MIL 
OVER OPERATING 
RANGE 
TA = O°Cto +70°C 
TA = -55°C to +125°C 


VCC= 5.0V ±5% 
VCC= 5.0V ±10% 


Parameters 
Description 
Test Conditions 
Min. 
Max. 
Min. 
Max. 
Units 


tPLH 
I; to Any Output 
40 
50 
ns 
tpHL 


tpLH 
50 
Test to Any Output 
40 
ns 


tPHL 
CL=15pF 


tZH 
RL=2.0kl1 
30 
OE to Any Output 
25 
ns 
tZL 


tHZ 
OE to Any Output 
30 
25 
ns 


tLZ 


The condition code input to the device. When 
the test input 
is LOW, the device assumes 


the 
test 
has failed. 
When 
the 
test 
input 
is HIGH, the device assumes the condition 
code required 
has been met; the test has 


passed. 


FE File 
Enable 


This output is used to drive the parallel load 
input of an Am25LS169 up/down counter. 


This output is used to drive the counter ena- 
ble input of an Am25LS169 up/down counter. 


Map 
Enable 
This output is used to control the three-state 
outputs of the mapping PROM or PLA used 
to provide the initial starting address for each 
machine instruction. 


This output is used to control the three-state 
output of the pipeline register (Am2918) con- 
taining the branch address for the computer 
control unit. 


This output 
is used to drive the file enable 


input of the Am2911. When the file enable 
output 
is LOW, a stack operation 
will 
take 


place. 


Push/Pop. The PUP output 
is used to drive 
the push/pop 
input 
of the Am2911 
Micro- 


program Sequencer. When the PUP output is 
HIGH, a push will take place when the file is 
enabled. When the PUP output is LOW, a pop 
will take place when the file is enabled. 


These two outputs are used to drive the So 
and S, inputs to the Am2911 Microprogram 
Sequencer. These outputs control whether the 
direct input, the register, the microprogram 
counter, or the stack is selected as the source 
of the next address for the microprogram 
memory. 


LOW-POWER SCHOTTKY 
INPUT/OUTPUT 
CURRENT 
INTERFACE 
CONDITIONS 
GUARANTEED 
LOADING 
RULES 
OVER OPERATING 
RANGE (In Unit Loads) 


Output 


Input 
Output 
LOW 
Pin No:s 
Input/Output 
Load 
HIGH 
MIL 
COM'L 


1 
MAP 
E 
- 
100 
44 
44 


2 
PUP 
- 
100 
44 
44 


3 
FE 
- 
100 
44 
44 


4 
Sl 
- 
100 
44 
44 


5 
So 
- 
100 
44 
44 


6 
CNT 
LOAD 
100 
44 
44 


7 
CNT 
E 
- 
100 
44 
44 


8 
GND 
- 
- 
- 
- 


9 
PL E 
- 
100 
44 
44 


10 
TEST 
0.5 
- 
- 
- 


11 
10 
0.5 
- 
- 
- 


12 
11 
0.5 
- 
- 
- 


13 
12 
0.5 
- 
- 
- 


14 
13 
0.5 
- 
- 
- 


15 
OE 
- 
100 
44 
44 


16 
VCC 
- 
- 
- 
- 


MNEMONIC 
13.1211 
10 
INSTRUCTION 


JZ 
L 
L 
L 
L 
Jump to Address Zero 


CJS 
L 
L 
L 
H 
Conditional 
Jump-to-Subroutine 
with Jump Address 
in Pipeline Register. 


JMAP 
L 
L 
H L 
Jump to Address at Mapping PROM Output. 


CJP 
L 
L 
H H 
Conditional Jump to Address in Pipeline Register 


PUSH 
L 
H L 
L 
Push Stack and Conditionally 
Load Counter 


JSRP 
L 
H L 
H 
Jump-to-Subroutine 
with Starting Address Conditionally 
Selected from Am2911 
R-Register or Pipeline Register. 


CJV 
L 
H H L 
Conditional 
Jump to Vector Address. 


JRP 
L 
H H H 
Jump to Address Conditionally 
Selected from Am2911 
R-Register or Pipeline Register. 


RFCT 
H L 
L 
L 
Repeat Loop if Counter is not Equal to Zero. 
RPCT 
H L 
L H 
Repeat Pipeline Address if Counter is not Equal to Zero. 


CRTN 
H L 
H L 
Conditional 
Return-from-Subroutine. 


CJPP 
H L 
H H 
Conditional 
Jump to Pipeline Address and Pop Stack. 


LDCT 
H H L 
L 
Load Counter and Continue. 


LOOP 
H H L 
H 
Test End of Loop. 


CaNT 
H H H L 
Continue to Next Address. 


JP 
H H H H 
Jump to Pipeline Register Address. 


INPUTS 
OUTPUTS 


INSTRUCTION 
TEST 
NEXT 
ADDR 
FILE 
COUNTER 
MAP-E 
PL-E 
MNEMONIC 
I~ 
12 11 10 
FUNCTION 
INPUT 
SOURCE 


JZ 
L 
L 
L 
L 
JUMP 
ZERO 
X 
0 
HOLD 
L L' 
H 
L 


CJS 
L 
L 
L 
H 
COND 
JSB PL 
L 
PC 
HOLD 
HOLD 
H 
L 


H 
0 
PUSH 
HOLD 
~ 
L 


JMAP 
L 
L 
H 
L 
JUMP 
MAP 
X 
0 
HOLD 
HOLD 
L 
H 


CJP 
L 
L 
H 
H 
CDNDJUMPPL 
L 
PC 
HOLD 
HOLD 
H 
L 


H 
0 
HOLD 
HOLD 
H 
L 


PUSH 
L 
H 
L 
L 
PUSH/CONn 
LD CNTR 
L 
PC 
PUSH 
HOLD 
H 
L 


H 
PC 
PUSH 
LOAD 
H 
L 


JSRP 
L 
H 
L 
H 
CONO JSB R/PL 
L 
R 
PUSH 
HOLD 
H 
L 


H 
0 
PUSH 
HOLD 
H 
L 


CJV 
L 
H 
H 
L 
COND 
JUMP 
VECTOR 
L 
PC 
HOLD 
HOLD 
H 
H 


H 
0 
HOLD 
HOLD 
H 
H 


JRP 
L 
H 
H 
H 
COND 
JUMP 
R/PL 
L 
R 
HOLD 
HOLD 
H 
L 


H 
0 
HOLD 
HOLD 
H 
L 


RFCT 
H 
L 
L 
L 
REPEAT 
LOOP, 
CNTR * 0 
L 
F 
HOLD 
OEC 
H 
L 


H 
PC 
POP 
HOLD 
H 
L 


RPCT 
H 
L 
L 
H 
REPEAT 
PL, CNTR 
"* 0 
L 
0 
HOLD 
OEC 
H 
L 


H 
PC 
HOLD 
HOLD 
H 
L 
CATN 
H 
L 
H 
L 
COND 
RTN 
L 
PC 
HOLD 
HOLD 
H 
L 


H 
F 
POP 
HOLD 
H 
L 


CJPP 
H 
L 
H 
H 
CONn 
JUMP 
PL Be POP 
L 
PC 
HOLD 
HOLD 
H 
L 


H 
0 
POP 
HOLD 
H 
L 


LDCT 
H 
H 
L 
L 
LOAD 
CNTR 
Be CONTINUE 
X 
PC 
HOLD 
LOAD 
H 
L 


LOOP 
H 
H 
L 
H 
TEST 
END 
LOOP 
L 
F 
HOLD 
HOLD 
H 
L 


H 
PC 
POP 
HOLD 
H 
L 


CONT 
H 
H 
H 
L 
CONTINUE 
X 
PC 
HOLD 
HOLD 
H 
L 


JP 
H 
H 
H 
H 
JUMP 
PL 
X 
0 
HOLD 
HOLD 
H 
L 


L = LOW 
H = HIGH 
X = Don't 
Care 


DEe 
= Decrement 


*LL 
= Special Case 


INPUTS 
OUTPUTS 


MNEMONIC 
FUNCTION 
NEXT 
FILE 
COUNTER 
;- 
ADDR 
I~ 
Ii 
'" 
SOURCE 


"- 
Ii 
13 
12 
11 
10 
w 
SI 
So 
I~ 
:J 
I~ 
;- 


"- 
PIN NO. 
14 
13 
12 
11 
10 
4 
5 
3 
2 
6 
7 
1 
9 


JZ 
JUMP 
ZERO 
L 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
H 
L 


L 
L 
L 
L 
H 
H 
H 
H 
H 
L 
L 
H 
L 


CJS 
COND 
JSB PL 
L 
L 
L 
H 
L 
L 
L 
H 
H 
H 
H 
H 
L 


L 
L 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 


JMAP 
JUMP 
MAP 
L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
L 
H 


L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 
H 


CJP 
CQNDJUMP 
PL 
L 
L 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
L 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


PUSH 
PUSH/COND 
LD CNTR 
L 
H 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
L 


L 
H 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
L 


JSRP 
COND 
J$B R/PL 
L 
H 
L 
H 
L 
L 
H 
L 
H 
H 
H 
H 
L 


L 
H 
L 
H 
H 
H 
H 
L 
H 
H 
H 
H 
L 


CJV 
COND 
JUMP 
VECTOR 
L 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 


L 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


JRP 
COND 
JUMP 
R/PL 
L 
H 
H 
H 
L 
L 
H 
H 
H 
H 
H 
H 
L 


L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


RFCT 
REPEAT 
LOOP, 
CTR '* a 
H 
L 
L 
L 
L 
H 
L 
H 
L 
H 
L 
H 
L 


H 
L 
L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
L 


RPCT 
REPEAT 
PL, CTR '* 0 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
L 
H 
L 


H 
L 
L 
H 
H 
L 
L 
H 
H 
H 
H 
H 
L 


CRTN 
COND 
RTN 
H 
L 
H 
L 
L 
L 
L 
H 
L 
H 
H 
H 
L 


H 
L 
H 
L 
H 
H 
L 
L 
L 
H 
H 
H 
L 


CJPP 
CONO 
JUMP 
PL & POP 
H 
L 
H 
H 
l 
L 
L 
H 
L 
H 
H 
H 
L 


H 
L 
H 
H 
h 
H 
H 
L 
L 
H 
H 
H 
L 


LOCT 
LD CNTR 
& CONTINUE 
H 
H 
L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
L 


H 
H 
L 
L 
H 
L 
L 
H 
H 
L 
H 
H 
L 


LOOP 
TEST 
END 
LOOP 
H 
H 
L 
H 
L 
H 
L 
H 
L 
H 
H 
H 
l 


H 
H 
L 
H 
H 
L 
L 
L 
L 
H 
H 
H 
L 


CO NT 
CONTINUE 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
L 


H 
H 
H 
L 
H 
L 
L 
H 
H 
H 
H 
H 
L 


JP 
JUMP 
PL 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
L 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


Order 
Package Type 
Operating 
Range 
Screening 
Level 
Number 
(Note 1) 
(Note 2) 
(Note 3) 


AM29811APC 
P-16 
C 
C-1 
AM29811ADC 
D-16 
C 
C-1 
AM29811 ADC-B 
D-16 
C 
B-1 
AM29811ADM 
D-16 
M 
C-3 
AM29811ADM-B 
D-16 
M 
B-3 
AM29811AFM 
F-16 
M 
C-3 
AM29811AFM-B 
F-16 
M 
B-3 


Notes: 
1. P = Molded 
DIP, D = Hermetic 
DIP, F = Flat Pak. Number following 
letter is number of leads. See Appendix 
B for detailed 
outline. 


Where Appendix 
B contains several dash numbers, any of the variations 
of the package may be used unless otherwise 
specified. 


2. C = O°C to + 70'C, Vcc = 4.75V to 5.25V, M = - 
55°C to +125°C, 
Vcc = 4.50V to 5.50V. 
3. See Appendix 
A for details of screening. 
Levels C-1 and C-3 conform to MIL-STD-883, 
Class C. Level B-3 conforms 
to MIL-STD-883, 


Class B. 


STARTING 
ADDRESS 
DECODER 


OUTPUT 


----~ 
Am2911 MICROPROGRAM 
seQUENCERS 


STACK POINTER 


So 
NEXT ADDRESS 


51 
MULTIPLEXER 


OUTPUT 
L__ 


Am29811A 


NEXT 


ADDRESS 
CONTROL 


TEST 


Am2900 Family Applications Literature 


This comprehensive 
book discusses in detail 
the design of a microprogrammed 
computer 


using the 2900 Family. Examples are used 
extensively. The book's chapters: 


I - Computer Architecture 
II - Microprogrammed 
Design 


III - The Data Path 
IV - The Data Path, Part Two 
V - Program Control Unit 
VI - Interrupt 
VII - Direct Memory Access 
VIII - The Hex 29 
IX - The Super Sixteen 


Order AM-PUB073-X 


This book covers the detailed design of a 
controller. Specifically it is an interface 
between a Pertec disc and a DEC PDP-l1 
<II> 


minicomputer. 
Most controllers will be 


architecturally 
similar. Includes schematics 


and microcode. 


This book describes a 2900 based system 
which executes instructions of the 
Am9080A MOS microprocessor. 
It operates 


about 4 times faster than the Am9080A and 
leaves space for user defined instructions 
in addition to the standard instruction set. 


Microprogram 
Design with the Am2900 
Family 
A discussion of the "instruction-cracking" 
problem in microprogrammed 
machines. 


Discusses ways to translate op codes into 
microprogram 
addresses and control lines. 


Order AM-PUB069 
Free 


EJ 


Pictured 
at the left is the Am2900 
Evaluation 
Kit. The system consists 
of a 
microprogrammed 
control unit which controls 
all the inputs to an Am2901 
microprocessor 
slice. Thirty-two 
bit microinstructions 
are entered 
into a RAM 
in the control unit using the switch register. 
Each microinstruction 
contains 
bits to control the Am2901A's 
A and B addresses, 
instruction, 
carry in, and 
data input. Additional 
bits in the microinstruction 
control an Am2909 
sequencer 
which generates 
the addresses 
for the microprogram 
memory. 


Once entered, 
microinstructions 
may be executed 
using a single step clock 
or using a pulse generator. 
The LED display provides 
access to nearly every 
signal path in the system. 


Sixteen 
"sequence 
control" 
instructions 
are available, 
including 
execute, 


branch conditional, 
jump-to-subroutine, 
return, and loop. Because the set of 
sequence 
instructions 
is implemented 
in a PROM, the user can devise his 
own set of operations 
by programming 
a new PROM. 


The kit is supplied 
with 40 IC's, all resistors, 
capacitors, 
LED's and switches, 
the PC board, and a manual containing 
assembly 
instructions, 
theory and a 


set of exercises. 
The user need only solder the components 
in place and 
attach a 5 V power supply 
(2.0 ampere 
rating). 


Working 
with the kit, the user will gain familiarity 
with a high performance 
pipelined 
microprogrammed 
architecture, 
and with the operation 
of the 
Am2909 
and Am2901 A. By driving the kit from a pulse generator, 
the user 


can observe 
the operation 
of the components 
in real time, executing 
real 


instructions. 


System 29 


The Advanced 
Microprogram 
Development 
System 


FEATURES 


• The first 
universal, 
complete 
development 
system 
for 
micropro- 
grammed machines. 
Use to assemble 
microcode, debug microcode, 
check out hardware. 


• 
AMDASM® 29 microassembler 
resident on system. 
Microprograms 
can be written, 
assembled, 
and loaded into the develop- 


ment hardware 
all on one system. 
No transferring 
from one system 
to 
another. No messy paper tape. 


• 
Software to check out microcode. 
All the tools 
needed 
in a useful 
development 
system 
including 
single 
step, trap, edit. 


• 
Writable Control Store up to 4K words. 
RAM in System 29 serves as control memory for prototype. 
Expandable 
up to 4K words, up to 128 bits each. Access time down to 50ns. 


• 
Application 
Cards Available. 
Pre-built prototype systems reduce design time, get products out sooner. 


• 
Universal Prototyping 
cards 
Use popular SSC-80 form factor and hold parts on 0.3", 0.4", and 0.6" 
centers. 


• Time proven disk operating 
system. 
Complete file management 
including a context editor. 


• 
8080 software development 
tools. 


SOFTWARE FEATURES 


• 
The convenience of the AMDOS® 29 Disk Operating System with a full set of 
file management 
commands, 
including and editor. 


• 
Microprogram 
generation 
software 
including 
the AMDASM® 
29 micro- 
assembler 
and the AMSCRM® 
29 and AMPROM® 
29 post-processing 
programs. 


• 
Microprogram 
support software to load, save, and debug microcode during 
the firmware/hardware 
check-out 
phase. 


• 
Am9080A software to write special programs to add to the existing software 
or for separate 
designs 
using the Am9080A 
fixed-instruction-set 
micro- 
processor. 
EJ 


HARDWARE FEATURES 


• 
Writable Control Store for microprogram 
memory and ROM simulation. 
Its 
storage capacity can be easily expanded and a high speed option permits 
real-time testing. 


• 
Microcode check-out functions let the user interact freely with the microcode, 
i.e., display, 
modify, 
move, locate, store, and verify. The user can also 
single-step 
through instructions, 
set trap bits, set comparison 
values, and 
force address jumps for easy test and debug of the microcode 
and its 
associated 
hardware. 
These 
are combined 
hardware-software 
features 
which are accessible either at the CRT Console or the System Mainframe 
front panel. 


• 
Universal Prototyping Cards feature high packing density. They accept the 
user prototype and plug right into System 29. 


• 
The Outboard Interface cable interfaces System 29 to the user design for a 
form factor that calls for an outboard configuration. 


• 
A number of application cards help the user in his microprogrammed 
system 


design. 


• 
Developed 
microcode 
can be stored 
on flexible 
diskettes, 
printed 
out, 


punched on paper tape or used to drive a PROM programmer. 


• 
Diskette to main memory 
data transfers 
are affected 
by direct 
memory 
access (DMA) without I/O port addressing. 
This results in high-speed data 


transfers. 


• 
An internal 2.457MHz crystal-controlled 
clock oscillator is provided. An ex- 
ternal connector is available for providing a different clock frequency from a 
signal generator or an external circuit to meet individual user requirements. 


System 29 is a complete development system. It encompas- 
ses all the tools needed, from microcode/firmware definition, 
assembly, check-out of the hardware and formatting of the 
microcode, through programming PROM's. 


System 29 includes a System Mainframe, CRT Console, and 
Dual-Drive 
Flexible Disk. It comes with a comprehensive 


software package. It is ready to operate in its basic configura- 
tion which' includes 2K words by 64 bits Write able Control 
Store and a Computer Control Unit (CCU) microprogram con- 


troller. 
A number of peripherals 
(line printer, paper tape 


reader-punch, 
PROM programmer) and cards (high-speed 


Writeable Control Store, trace analyzer, 8080 emulator appli- 
cation card, 16-bit microcomputer application card) enhance 
its performance even further. 


Because it is controlled by an Am9080A, it can also serve as a 
software development system for the 8080 fixed-instruction- 
set microprocessors. 


BASIC SYSTEM: 


A complete working system including; 


Equipment 


-System 
Mainframe: 


-Support 
Processor: 


-Am9080A 
CPU Card 
-System 
Memory Card, 32K bytes, expandable to 64K 


bytes with an additional card 


-4 
Serial Ports (RS232) 


-1 
Parallel Port 


- Power Supply 


-Microprogrammed 
System: 


-1 
Writeable Control Store Card, 2K x 64 bits. 
System is pre-wired for 2. 
-1 
Instrumentation Card 


-1 
Computer Control Unit Application Card 


-5 
Open Slots for Additional User Cards 


-1 
Power Supply, +5V, 25A (50A Optional) 


-CRT 
Console 


- Dual Drive Flexible Disk 
-Universal 
Prototyping Card 


-Outboard 
Interface Cable 


- Blank Diskettes (2) 


Softw~re 


- AMDOS 29<8> 
Disk Operating System with full set of commands 


- Microprogram Generation Software 


-AMDASM 
29® Microprogram Assembler 


-AMSCRM 
29<8>,AMPROM 29® Post-Processing 
Programs 


-Microprogram 
Support Software 


-Am9080A 
Software (Assembler, 
Loader, Dynamic Debug- 


ger including disassembler 
and trace 


capability) 


Documentation 
(2 sets) 


- User Manual 
-Software 
Manual 


-Hardware 
Manual 


Services 


-User 
Training (2 Persons) 


- Fi~ld Applications Support 
-Warranty: 
1 Year (90 days on System Mainframe Plug-in 


Cards) 


SYSTEM OPTIONS1 


CARDS2 


Option No. 


0100 
Universal 
Proto tying 
card, 
additional 
to 
one 
included in the basic system. 


0105 
Writable 
Control 
Store 
card. 
2K x 64 bits, 
addi- 
tional 
to 
one 
included 
in 
the 
basic 
system. 


Field updatable. 


0106 
High Speed 
Writable 
Control Store card, 
1K x 64 


bits; 
system 
is 
pre-wired 
for 
2. 
Field 
up- 


datable. 


PERIPHERALS 


0503 
Character Printer, 120 CPS. 


0510 
Paper 
Tape Reader-Punch3. 
300cps 
read, 75cps 3 


punCh. 


SERVICES 


0800 
Training Course. System 29, for one additional per- 
son. Training for 2 persons included in the basic sys- 
tem. 


MISCELLANEOUS 


0900 
High 
Speed 
Extender 
card, 
multilayer 
(internal 
ground plane) 


0901 
Power Supply, 50A Module. Field updatable 


0902 
Diskettes. Package of 10 blanks4. 


0903 
System 
Manual. 
One set of manuals, 
additional 
to 2 provided with the basic system.4 


NOTES: 


1. SY29XXXX - When cooing orders, replace X's with 4 digit 


option 
number, 
leave blank for basic system. 
Example: 


SY290500 is code for the Line Printer option. 


2. Warranty 90 days, parts and labor. 


3. Warranty 120 days, parts and labor. 


4. Quantity 2 minimum when purchased separately. 


Why? 
The "microprogrammable" 
micro- 


processor-like 
the Am2900 family 
-offers 
higher performance 
and 
versatility than the "fixed-instruction- 
set" microprocessor-like 
the Am9080 
family. However, this versatility makes 
the design of microprogrammed 
machines more difficult. 
To start with, 
the engineer must design his own set 
of particular instructions before he 
call write application 
software. He also 
customizes the architecture of his 
special purpose 
processor. It is this ver- 


satility which optimizes 
performance 
and, at the same time, complicates 
the design process-because 
every 
design is different. 


Since each design is different, 
hardware prototyping 
and microcode 
development 
tend to be an ad hoc 
process with little of the work ex- 
pended 
on one design transferable 
to the next. 
Until now, no single tool had been 
available to assist in the complete 
de- 


velopment 
of microprogrammed 
machines. Before the engineer could 
even start with his design, he had to 
locate a computing 
facility to assemble 
the microcode, 
come up with some 
type of PROM simulator (i.e., a dedi- 
cated mini with writable 
control store), 
assemble special test fixtures to control 
the system parameters of a given archi- 
tecture, develop 
special programs to 
manipulate the microcode 
in the PROM 


simulator. Then, he had to generate 
the microcode 
with a microprogram 


assembler that probably 
required 
modification. 
All this meant delay and 


expense. 


Microprogramming 
had to be made 


easier. 
Advanced 
Micro Computers 
now offers 


a cost effective 
solution 
with 
System 


29, the Advanced 
Microprogramming 


Development 
System. 
Read about its contribution 
frbm 
the start to finish of your micropro- 
grammed design. Find out how it can 
significantly reduce your design time 
and then be used to either follow your 
new product 
through production 
or 


start immediately 
on your next design. 
And how it offers much more than a 
mere technical solution. Read why it is 
·an investment that pays for itself." 


I 


Write and generate 
microcode 
right at 


•••••••••• 
the System 29 console 


Load microcode 
directly 


into writable 
control 


store 


Build and check the 
design inboard or 
outboard 
to System 29 


A powerful 
set of 


programs manipulate 
the microcode 
at will 


and check it with the 
hardware 


System 29 is a fully 
documented 
general- 


purpose tool. It 


•••••••••••• 
not only can service 
several designs 
but also can function 
as a manufacturing test 
facility. 


The convenience 
of a disk 


operating 
system ••• 
Once the microprogrammed 
design 


architecture 
is set, the next step is the 


generation of the microcode. 
System 


29 provides the tools. 
o The NAroS® 
29 Disk Operating 


System provides complete 
file 


management for a Dual Flexible 
Disk System. 
o Each flexible disk has ample stor- 


age (240K bytes) for long programs. 
o A powerful 
text editor 
is used to 


create and modify microprogram 
source files. 
o A number of other utility 
programs 


makes it easy to manipulate the 
code from one peripheral format to 
another, process various commands 
in batch mode, provide 
information 


about any file on the disk, etc. ... 
o A CRTConsole 
lets the user interact 


with the system. An optional 
high- 


speed line printer provides 
perma- 


nent hqrdcopy which 
is helpful 


during the firmware development 
phase. 


Get a head start with a number 
of AMC application 
cards 


They work from day one and pro- 


vide the general-purpose 
functions that 


get microprogrammed 
designs off the 


ground and let designers concentrate 
on their specific application. 
The Com- 


puter Control Unit (CCU) is an example. 


You have all the tools for checking 
your logic design 


Sit down and write simple diagnos- 


tic programs to verify that prototyping 
circuits perform 
the way they are in- 


tended 
to. 


••• And a powerful 
resident 
mlcro- 
assembler ••• 
Microcode 
can be written 
in sym- 
bolic language and assembled right 
on System 29 with AMDASM® 
29. 
AMDASM 29 is a powerful 
assembler 
that is easily "personalized" 
to match 
the microformat. 
Its output 
is readily 
load able into the Writable Control 
Store which 
is supplied 
with System 
29 to simulate the microprogram 
PROM'sin the user system. 


••• Provide all the software tools 
for firmware generation. 
By writing 
individual 
programs for 
the Support 
Processor, the designer 
can add to System 29's already power- 
ful set of commands 
and customize 
System 29 for particular needs. 


••• to hardware design 


Build your mlcroprogrammcd 
system 
Inboard or outboard 
to System i9 
System 29 is accommodating. 
It has 


five card slots dedicated 
to the user 


prototype 
complete 
with a power 


supply to drive them. If an outboard 
configuration 
is preferred, 
it allows 


easy connection 
to its development 


functionsL 


Take advantage 
of the universal 
card format 
The Universal Prototyping 
Card 


is compatible 
with the SBC-SOformat 


which 
is rapidly becoming 
the industry 


standard. It offers high packing density 
and easy interface to both System 29 
controls and other circuits. System 29 
can host enough cards for any design. E1 


Single Level Trace allows mon- 
itoring of 20 test points connected 
anywhere in the user's prototype. 


A Logic Analyzer option 
allows 


monitoring 
of 64 test points in real- 


time and displays the last 256 states 
on the CRTConsole. 
o Microcode 
Output 
in a Directly 


Usable Format-When 
the micro- 


code is debugged, 
the System 29 


Reader/Punch option 
will output a 


paper tape directly 
usable on most 


commercially 
available PROM pro- 


grammers. Alternatively, an optional 
PROM programmer can be driven 
directly 
from System 29. 


An 8080 software development 
capability 
is also Included 
Because System 29 is controlled 
by 


an Am9080A* 
based Support 
Proces- 


sor, a complete 
software package is 


available to generate programs for 
other designs with the widely 
used 


Am9080A/8080 
fixed-instruction-set 


microprocessor. 


The tools include an assembler, a 


debugger 
complete 
with a disassem- 


bler, and a loader. 


This capability 
adds to the universal- 


ity of System 29 and is another factor 
to justify its use for microprocessor 
development. 


Versatile microprogram 
memory Is 
the key to firmware generation 
and hardware check-out. 
o Writable 
Control 
Store (WCS) is 


where it all happens since it serves 
the vital function of microprogram 
memory and ROM simulation. Mi- 
croprograms 
can easily be loaded 
into it after assembly and initial 
debug. Many features (such as auto- 
matic assembly of the modified 
portion 
of the microprogram) 
are 
available to conveniently 
manipu- 


late the microcode 
at any time. The 


storage capacity can be easily 
expanded 
and a high-speed 


option 
permits real-time operation 
of your design. 
o Microcode 
Check-Out 
Functions 
-Once 
the microprogram 
is 
assembled, System 29 knows the 
battle is only half over. Firmware 
and hardware can be integrated 
right at the CRTConsole. 
A powerful 
set of programs lets 


the user display, move, locate, 
store and verify the microcode 
at will. 


Single-step through instructions, 


set traps, loop around sections of 
code, execute microcode 
until a 
specific address is reached, then 
execute some special code (i.e., to 
display the content of some reg- 
isters). 


The System Mainframe 
is divided 


into a Support 
Processor section and a 
Microprogrammed 
System section. The 
Support 
Processor 
is a microcompu- 


ter built around the Am9080A 
MaS 
fixed-instruction-set 
microprocessor 
and a 32K RAM System Memory 
It 
controls all input/output 
communica- 


tions yvith the user via the peripherals. 
It executes programs called from the 
CRTConsole and provides all the 
necessary controls to the Micropro- 
grammed System. 
The Microprogrammed 
System in- 


terfaces to microprogrammed 
designs. 
It has the ability to house these circuits 
on a number of Universal Prototyping 
Cards. It can also interface to outboard 
designs, located outside the System 
Mainframe. The MicroprogramrT)ed 
System section also houses the Writa- 
ble Control Store (WCS) Card(s), the 
Instrumentation Card, and the Com- 
puter Control Unit (CCU) card. 
D Writable 
Control 
Store. The basic 
WCS configuration 
is easily ex- 


panded, 
by the addition 
of a sec- 
ond pre-wired 
card, from 2K by 64 
bits to 4K by 64 bits or 2K by 128 
bits. Additional 
WCS Cards can be 
accommodated, 
if necessary Two 
optional 
high-speed 
WCS Cards (1K 
by 64 bits each), make it possible to 
achieve speeds similar to that of 
final designs. 


The hardware 


D The Instrumentation 
Card includes 


the functions or clock control as 
well as microprogram 
address trap 
and branch control. 


Stop, single-step, or run can be 


activated from commands 
at the 
CRTconsole or buttons at the main- 
frame front panel. 


Stop or breakpoint 
on an ad- 


dress, or sequence of addresses, 
input from the keyboard. System 29 
will stop the microprogram 
when 
the input address matches the mi- 
croprogram 
address provided 
to 
wcs. Inputing a sequence of 
addresses, allows isolation of a par- 
ticular combination 
of microcode. 


Branch or force a particular ad- 
dress onto the microprogram 
for 


one microcycle. 
For example, this al- 
lows branching to a special diag- 
nostic subroutine or an alternate 
microprogram 
subroutine you may 
want to activate. 
Monitor in real-time some 64 test 
points (an option 
to System 29). De- 
fine these test points, i.e., the mi- 
croword, 
the output of the ALU, the 
CPU-to-memory 
bus, designators, 
etc. They are saved at the clock fre- 
quency (or some selectable fraction 
or multiple 
of it). When the clock is 
stopped, 
some 256 steps can be 
displayed 
in a convenient 
format to 
help trace what actually happened, 
step-by-step. 


The standard configuration 
allows 
the user to monitor in snapshot fashion 
(stop the clock and interrogate) some 
20 test points and up to 12 micropro- 
gram address bits. 


D Application 
Card. The CCU Card 
is an application 
card available 


from AMC to expand the capabili- 
ties of System 29. It is a pipelined 
microprogram 
sequencing 
unit 
designed 
around the Am2911 


Microprogram 
Controller. 


D The Universal Prototyping 
Card has 


space for over 100 16-pin DIP's.It 
holds wire-wrapped 
dual-in-line 
sockets with pin centers of 0.3, 0.4, 
0.6, 0.7, and 0.9 inches. It is pre- 
wired 
for Vcc and ground on each 
side respectively 


D Power Supply. The System Main- 


frame includes a separate +5 volt, 
25 amp (50 amp optional) 
power 
supply to support 
any bipolar 
cir- 
cuits mounted 
on inboard 
Universal 


Prototyping Cards. Therefore, a 
totally self-contained 
micropro- 
grammed system can be designed. 


D The Peripherals 
include a CRT 


Console and a Dual Flexible Disk 
for the basic configuration. 
Op- 
tional peripherals include a Line 
Printer, a Paper Tape Reader/Punch, 
and a PROM programmer. 


SUPPORT 


PROCESSOR 


HOST 


MICROPROGRAMMED 


SYSTEM 


System 29 
LOGIC CARD SET 


THE HEART OF SYSTEM 
29 IS AMD'S 
POWERFUL 
Am9080 


MICROCOMPUTER 
WHICH FEATURES: 


• 
Am9080 
MICROPROCESSOR 
---------------- 
Compatible with Intel 8080 


• 
FOUR SERIAL 
I/O CHANNELS 
--------------- 
9600,9600, 
600, 110 bauds 


• 
THREE 
EIGHT-BIT 
PARALLEL 
I/O PORTS ----------L.- 
Am9555 


• 
CRT CONSOLE 
INTERFACE -------------~L___ 
RS232 - 
9600 baud 


• 
PAPER TAPE READER/PUNCH 
INTERFACE 
------~~--- 
RS232 - 
60C baud 


• 
PROM PROGRAMMER 
INTERFACE 
----------:- 
_ 
Data I/O Corp model 17 or 19 


• 
LINE PRINTER 
INTERFACE 
----------:- 
_ 
For hard copies 


• 
DUAL PRIVE 
FLEXIBLE 
DISK INTERFACE 
RS232 - 9600 baud 


• 
32K X 8 MOS SYSTEM 
RAM ------- 
EJ 


Expandable up to 64K x 8 for 
higher level languages 


System 
29 


LOGIC CARD SET 


I WRITABLE CONTROL STORE I - 
TO STORE USER MICROCODE 
UNDER DEVELOPMENT 


MAX 
CONFIG. 


4K X 64 
2K X 128* 


MAXIMUM 
SPEED 
44nsee 
TYPICAL 


SOnsee MAX 


MAXIMUM 
CAPACITY 


System 29 
LOGIC CARD SET 


CONTAINS 
ALL THE CIRCUITS TO IMPLEMENT 
THE 
DEBUGGING 
FEATURES 


• 
CLOCK GENERATION 
FROM OSCILLATOR 


• 
CLOCK CONTROL 
---------------- 
Control can be entered from front 


HALT, RUN, SINGLE STEP, MICRO STEP, 
panel or CRT 
MULTIPLE 
MICRO STEP 
Single step = one clock cycle 
Micro step = one microinstruction 


• 
ADDRESS 
BREAKPOINT/SYNC/INTERRUPT 
5 


• 
ADDRESS 
JAMMING 
--------------- 
Initiate program execution at selected 
locations 
• 
KEEP TRACK OF LAST MICROPROGRAM 
ADDRESS 
EJ 


• 
KEEP TRACK OF LAST STATE OF 20 MONITOR 
BITS -- 
Can be interactively displayed at CRT 


• 
TRAP BITS TO CONTROL 
CLOCK 
---------- 
Defined by user 


I COMPUTER 
CONTROL 
UNIT CARD I 


PROVIDES 
PIPELINED 
CONTROL 
FOR ADDRESS 
SEQUENCING 


AS WELL AS AN OPCODE 
MAP 


FEATURES: 


• 
AN EXAMPLE 
OF GENERAL 
PURPOSE 
MICROPROGRAM 


NEXT ADDRESS 
CONTROL 


• 
SECTIONS 
OF PIPELINE 
REGISTER 
DEDICATED 
TO 


PRE-DEFINED 
MICROCODE 
FORMAT 


• 
INTERFACE 
DIRECTLY 
TO WCS 


• 
OP110NAL 
USE BY USER 


• 
SIMILAR TO Am2910 


• 
STARTING 
ADDRESS 
MAPPING 
RAM (256 WORDS X 12 BITS) ----RAM 
can be modifiedeasily 
• 
VECTOR 
ADDRESS 
PROM 
interactivelyat CRT' 


• 
ADDRESSES 
4K WORDS OF MICROCODE 
WITH THREE 
SEQUENCERS LFor intenupts 


• 
NEXT ADDRESS 
CONTROLLER 


• 
TEST CONDITION 
MULTIPLEXER 
---------------One 
of 16conditionscan be 
selectedfor a conditional 
• 
16-WAY BRANCH 
CONTROL 
in$lruction 


• 
LOOP COUNTERS 


System 29 
LOGIC CARD SET 


,------------------------1 
I 
System 29 
I 


I 
I 
I 
I 


DATA 
(UP TO 128 BITS) 
INSTRUMENTATION 


I 
CARD 


I 
IL __ 


WRITABLE CONTROL 
STORE 


E 


USER'S 
DESIGN 


Extremely simple user interface. Address bus, 
Data bus, and a few control lines and clock signals. 


14-PIN OR 16-PIN 
SOCKETS DENSITY 
PACKINGt 


22-PIN SOCKETS 
DENSITY PACKINGt 


24·PIN SOCKETS 
DENSITY PACKINGt 


System 29 
SOFTWARE 


A COMPLETE SOFTWARE PACKAGE COMES WITH SYSTEM 29, INCLUDING 
A POWERFUL 
ASSEMBLER, 
A COMPREHENSIVE 
DISK OPERATING 


SYSTEM, AND MICROCODE 
DEBUG PROGRAMS. 


AMDOS 29, the Disk Operating 
Sys- 
tem, performs file management of pro- 
grams on the Flexible Disk and all I/O 
routines required for peripheral com- 
munications. It supports 
a named file 


system with up to 64 distinct files on 
each flexible disk. Each file can contain 
up to 240K bytes. sequential 
and 


random access are provided. 
A table 
summary of its commands 
is shown 


below. 


Built-in Corpmllnds 
lYPE 
Displays the contents of a fi Ie at 
the CRTConsole. 


DIR 
Directory: Displays file name 
and file type of all 
fi les present on a 
disk. 


REN 
Rename: Changes a file name. 


ERA 
Erasesa given file or set of files 
from the disk. 


SAVE 
Saves a portion 
of System 


Memory (RAM) on the disk as a 
named file. 


Transient Commands 
ED 
The Editor allows prepara- 
tion of programs and text 
using powerful 
context edit- 


ing and display commands. 


PIP 
Peripheral Interchange Pro- 
gram allows transfer of files 
between various peripherals 
and disk files. 


Examples: 
-Copy file from 
disk drive A to B. 
-Output 
any disk'file to the 


CRTConsole or Printer. 
-Read a paper tape onto disk. 
-Copy and rename a given file. 
-Concatenate files. 


SUBMIT 
Allows commands 
to be 
batched togetherland 
be 
executed automatically 


sets up system parameters. 


Prints the contents of a file in 
"hex" and IASCII format at the 
CRTConsole. 


SYSGEN 
Initializes a flexible disk with 
the operating system. 


Displays source and list files 
from the disk on the CRT 
Console. 


Statistics: Lists files by name, 
file space used by each, re- 
maining disk space, device 
assignments. Allows 
user to 


change device assignments. 


M1cropro~ram Generation 
Software 
AMDASM 
29 
A microprogram 
as- 
sembler 
which can 
be personalized 
by 


defining a particular 
microcode 
format. It 
will then assemble 
the microcode 
from 


source to object 
code. 


AMSCRM® 29 
Reorganizes the mi- 
croprogram 
for a 
given PROM organiza- 
tion. 


AMPROM® 29 
Outputs the micro- 
program in a form 
suitable to a given 
PROM organization. 


AMMAp® 
29 
Generates micropro- 
gram entry point 
addresses that are 
loaded 
into the CCU 
mapping 
RAM. 


SET 


DUMP 


MIcroprogram 
Support 
Softwa~ 
These programs load, save, and 


debug microcode 
during the firmware/ 


hardware check-out 
phase of the 


design. 
LBPM 
Loads Bipolar Memory (BPM) 
from disk to Writable Control 
Store (WCS) or Mapping 
RAM 
(MAP). 


VBPM 
Verifies BPM-compares 
data 


in WCS or MAP with data on 
disk. 


SBPM 
Saves BPM-saves 
on disk, the 


microprogram 
stored in WCS 
or MAP. 


RBPM 
Restores BPM-reloads 
the 


saved microprogram. 


DDT29 
Dynamic Debugging Tool al- 
lows dynamic manipulation 
while running the micro- 
program. Commands such as 
TRACE,STEp,HALT,RUN, DIS- 
PLAY,MODIFY,and JUMP offer 
complete 
control over the mi- 


croprogrammed 
processor. 


Am90SOA Softwa~ 
This software allows the writing 


of programs for Am9080A 
fixed- 
instruction-set 
microprocessor 
design 
for the customization 
of System 29 
by writing 
special programs for its 


Am9080A-based 
Support 
Processor. 


ASM 
Am9080A Assembler 
DDT 
Dynamic Debugging Tool is a 
monitor that allows symbolic 
program tracing, debugging, 
and testing. DDT contains a 
complete 
Arfi9080A 
Disassem- 


bler. 


LOAD 
The loader prepares a memory 
image file from an assembled 
file, ready for direct execution. 


., 
jAM2909 NEXT MICROINSTRUCTION 
ADDRESS 
SELECT 
DEFINITIONS 
j 
CJR: 
DEF 
JR: 
DEF 
CONT: 
DEF 
JMAP: 
DEF 
CJSR: 
DEF 
JSR: 
DEF 
RTN: 
DEF 
LOOP: 
DEF 
ELPF0: 
DEF 
PUSH: 
DEF 
POP: 
DEF 
ELPCN4: 
DEF 
JRF0: 
DEF 
JRF3: 
DEF 
JROVR: 
DEF 
JRCN4: 
DEF 


4VX,H#0,24X 
4VX,H#1,24X 
4VI,H#2,24X 
4VX,H#3,24X 
4VX,H#4,24X 
4VX,H#5,24X 
4VX,H#6,24X 
4VX,H#7,24X 
4VX,H#8,24X 
4VX,H#9,24X 
4VX,H#A,24I 
4VX,H#B,24X 
4VX,H#C,24X 
4VX,H#t,24X 
4VX,H#E,24X 
4VX,H#F,24X 
j 
jCTHER DEFINITIONS 
., 
AM2901: 
DEF 
DATA: 
DEl 


jJUMP REGISTER 
IF F 0 
jJUMP REGISTER 
jCONTI NUE 
jJUMP MAP 
jJUMP SUBROUTINE 
IF F 0 
jJUMP TO SUBROUTINE 
(CALL) 
jRETURN 
FROM 
SUBROUTINE 
JFILE REFERENCE 
jIND LOOP & POP 
IF F=0 
;PUSH PC AND 
CONTINUE 
;POP AND CONTINUE 
jEND LOOP & POP 
IF CN+4 
jJUMP REGISTER 
IF F=0 
jJUMP REGISTER 
IF F3 
;JUMP REGISTER 
IF OVR 
;JUMP REGISTER 
IF CN4 


9X,3VQ#1,lX,3VX,lVX,3VX,4VX,4VX,4X 
28I,4VH# 
JDEF TO SUPPLY 
ALU DATA 
INPUT 


TYPICAL MICROPROGRAM SOURCE FILE 


~AMD AMDASM 
MICRO ASSEMBLER, 
V1.0 
AM2900 
KIT EXERCISE 
#10 


0000 
CONT 
&. AM2901 
RAMF,DZ"OR"R0 
&. DATA H#F 
1 
0001 
CONT 
&. AM2901 
RAMF,DZ, ,OR, ,Rl &. DATA 9 
2 
0002 
CONT 
&. AM2901 
RAMF,DZ"OR"R2 
&. DATA B#0001 
3 


0e03 
CONT 
&. AM2901 
RAMF,DZ"OR"R4 
&. DATA 4 
4 
0004 
PUSH 
&. AM2901 
RAMF,ZB"AND"R3 
5 


0005 BEGIN:: 
CONT 
&. AM2901 
,DA"AND,R0,R0 
&. DATA 
1 
6 


000€ 
CJSR 
INCR3 
&. AM2901 
RAMD,ZB"OR"R0 
7 


0007 
CONT 
&. AM2901 
,DA"ANt,R1,R1 
&. DATA 1 
8 


0008 
CJSR 
INCR3 
&. AM2901 
RAMD,ZB"OR"R1 
9 


0009 
CONT 
&. AM2901 
,DA"AND,R2,R2 
&. DATA 
1 
H'J 


000A 
CJSR 
INCR3 
&. AM2901 
RAMD,ZB"OR"R2 
11 
000B 
CONT 
&. AM2901 
RAMF,ZB,CN0,SUBR"R4 
12 
000C 
ELPF0 
&. AM2901 
13 


000D STOP: :. JR 
STOP 
&. AM2901 
,ZB, ,OR,,R3 
14 
000F 
ORG 
15 
15 


000F INCR3:: RTN 
&. AM2901 
RAMF,ZB,CN1,ADD"R3 
16 
; 
END 


0000 XXXX0010X011X111 
X011XXXX00001111 
0001 XXXX0010X011X111 
X011XXXX00011001 
0002 XXXX0010X011Xl11 
X011XXXX00100001 
0003 XXXX0010X011X111 
X011XXXX01000100 
0004 XXXX1001X011X011 
X100XXXX0011XXXX 
0005 XXXX0010X001X101 
X100000000000001 
0006 111101001101X011 
X011XXXX0000XXXX 
0007 XXXX0010X0011101 
X100000100010001 
0008 1111010011011011 
X0111X110001XXXX 
0009 XXXX0010X001X101 
X100001000100001 
000A 11110100X101X011 
X0111XXX00101XXI 
000B XXIX0010X011X011 
0001XXXX0100XX11 
000C XXIX1000X001XXXX 
XXXXIXIXIXXXXXXI 
000D 1101000110011011 
X0111XX10011XXXl 
000F XXX10110X011X011 
1000XXIX0011XXXX 


MANIPULATE 
MICROCODE 
IN WCS OR MAPPING 
RAM 


- 
LBPM: 
LOAD FROM DISK 


- 
VBPM: 
VERIFY AFTER LOAD 


- 
SBPM: 
SAVE ON DISK 


MICROPROGRAM 
CHECK-OUT SOFTWARE 
DDT29 - 
A MICROCODE DEBUGGER 


• 
MANIPULATE 
MICROCODE 
IN WCS OR MAPPING 
RAM 
- 
DISPLAY, 
MODIFY 


• 
CLOCK 
CONTROL 
- 
HALT, SINGLE STEP, MICROSTEP, 
RUN 
- 
BREAKPOINT 
TRAP 


• 
BRANCH 
CONTROL 
- 
ADDRESS 
JAMMING 


• 
SINGLE 
LEVEL TRACE 
- 
DISPLAY 20 MONITOR 
BITS 


• 
BATCH CAPABILITY 


Using the System 29 


System 29 is useful to the micropro- 
grammed system designer from initial 
hardware/firmware 
design to final 


interface and debugging. 
It also pro- 


vides a production 
test station after 
the design has been completed. 
D System Initialization 
is as simple 
as pressing a front panel button. 
AMDOS 29 is automatically 
loaded 


from disk to RAM System Memory 
and System 29 is ready to work. 
D Logic Design. Mount logic circuits 
on the Universal Prototyping Card 
which 
plugs directly 
inside the 
System Mainframe. Alternatively, 
connect an outboard 
design via 


cable interface. 
At any time you can write simple 
programs that will analyze the 
logic design, wiring errors, and 
component 
failures. 
D Microcode 
Generation. 
Once the 
microcode 
format has been set, the 
AMDASM 29 assembler can be per- 
sonalized. This is the Definition 
Phase.System 29 acts as an interac- 
tive CRTConsole as the Editor is 
used to build the Definition 
File. 


The next step is to generate the 
microcode 
source files, written 
in 


mnemonic 
language, again using the 
interactive Editor. The assembly 
process then turns these source 
files into object 
files, i.e., a binary 
representation of the microcode 
(1's, O'sand "don't cares"). When the 
assembly is completed, 
they are 
routed to disk storage. 


D Microcode 
Check-out. 
Once the 


microcode 
(firmware) 
has been as- 


sembled and the logic design has 
been checked-out, 
they are ready 
to be interfaced, 
using System 29 
as a check-out 
station. Load the 
microcode 
into Writable Control 
Store (microprogram 
memory) 
and 
begin using the System 29 features 
available to: 


Verify and edit microcode 
in 
WCS. 


Run, halt, and single-step the 
microprogram. 


Stop or breakpoint 
an address, 
or a sequence of addresses, input 
from the keyboard. 


Branch or force a particular 


address onto the microprogram 
for one microcycle. 


Generate and debug sequences 
of microcode 
written explicitly 
for 
hardware debugging 
purposes and 


not a permanent 
part of the final 


microcode. 
Monitor some 64 test points in 
real-time. 


D Firmware 
Post-Processing. 
When 
microcode 
check-out 
has been 
completed, 
AMPROM 29 will output 


the microcode 
on the optional 


Paper Tape Punch in a format ap- 
propriate for a given PROM pro- 
grammer. Alternatively, the output 
can be sent to an optional 
PROM 
programmer connected 
directly to 


System 29. AMSCRM 29 allows reor- 
ganization of the microinstruction 
fields for various PROM organi- 
zations before outputting 
the 
microcode. 


Complete support 


System 29 comes with complete 
support: 


Training courses for two engineers on 


microprogramming 
techniques 
and the 
detailed 
use of the system; a complete 


documentation 
package; an extensive 
warranty and service plan for both hard- 
ware and software products 
after 


installation at your facilities; the active 
participation 
of a team of Field Appli- 
cation Engineers fully trained on the 
use of the system and the design of 
microprogrammed 
systems. 


E 


The capabilities of SYSTEM 29 can be demonstrated by micro- 
programming one of the exercises from the Am2900 Learning 
and Evaluation Kit. This kit provides a simple but complete exam- 
ple of a microprogrammed 
system. 


The architecture of the kit is shown in Figure 5-1. The dashed 
lines outline the two LSI components, the Am2909 microprogram 
sequencer and the Am2901 four-bit slice microprocessor. Each 
microinstruction in the microprogram memory consists of 32 bits 


divided into fields to control the sequencer, branch address, shift 
multiplexers, and all the inputs to the Am2901. The fields and 
their functions are defined in Figure 5-2. 


The first step in using SYSTEM 29 is the creation of a set of 
definitions which reflect the hardware on which the microprogram 
will run. The statements in Figure 5-3 completely define, mne- 
monically, the fields in the kit. That is, they implement exactly the 
fields and their functions for the microprocessor 
architecture 


defined in Figure 5-1, and so may be used in writing all micropro- 
grams that are to operate in this architecture. Figure 5-4 shows a 
flow chart of the program to be written. Figure 5-5 is the SYS- 
TEM 29 output in Block format. 


EXAMPLE 
OF System 29 


DEVELOPMENT 


RAM & MUX 


SELECT 
7 
6 
5 
4 
3 
2 
1 
0 


RAM 
U9 
U8 
U3 
U2 
LOCATION 
U7 
U6 
U5 
U4 


BIT 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
NUMBER 


BIT 
BR3 
8R2 
BR1 
BRO 
P3 
P2 
P1 
Po 
MUX1 
18 
17 
16 
MUXO 
12 
11 
10 
Cn 
15 
14 
13 
A3 
A2 
A1 
AO 
B3 
B2 
B1 
BO 
03 
02 
01 
DO 
DEFINITION 


FIELD 
NEXT 
BRANCH 
" INSTRUCTION 
MUX1 
DESTINATION 
MUXO 
SOURCE 
Cn 
ALU 
"A" 
"B" 
"0" 
DEFINITION 
ADDRESS 
CONTROL 
CONTROL 
SELECT 
~fJ~ 
~ 
...~ 


CODE 
FUNCTION 
::;:::;:::;: 
0 
F->O 
0 
A 
° 
0 


o 
BRANCH REGISTER IF F" 
0 
~r~~r~ 
1 
NOTHING 
1 
A 
B 
1 


1 
BRANCH REGISTER 


2 
CONTINUE 


3 
BRANCH MAP 10 SWITCHESI 


4 
JUMp· TO-SUBROUTINE 
IF F" 
0 


5 
JUMP·To·SUBRoUTINE 


6 
RETURN·FRoM·SUBRoUTINE 
7 
FILE REFERENCE 


8 
END LOOP AND POP IF F ' 0 


9 
PUSH lAND CONTI NUEJ 
10 
POP (AND CoNTINUEJ 


11 
ENDLOOPANDPoPIFCn+4 
/ 
12 
BRANCH REGISTER IF F' 
0 


13 
BR'ANCH REGISTER IF F3 
14 
BRANCH REGISTER IF oVR 


15 
BRANCH REGISTER IF Cn+4 
••::::::::::::., 
TYPE 


0 
0 
ZERO 
o ->RAM3 
0->°3 
O~RAMO 
0->°0 


0 
1 
ROTATE 
RAMO->RAM3 
00 ->03 
RAM3 ->RAMO 
03 ->00 


1 
0 
ROTATE DOUBLE 
RAMO ->03 
00 ->RAM3 
RAM3 ...•QO 
03 ->RAMO 


1 
1 
ARITHMETIC 
DOUBLE 
F3(Sign) -+RAM3 
RAMO ->03 
03 ->RAMO 
0->°0 


Figure 5-2. 
Example of Fields and Functions. 


:REGISTERDEfiNITIONS 


RD' 
EOUH,O 
Rl: 
EOUH,l 
R2 
EOUH,2 
R3 
EOUH,3 
R4' 
EOUH,4 
RS' 
EOUH'S 
R6' 
EOUH,6 
R7' 
EOUH,7 
R8: 
EOUH,8 
R9' 
EOUH,9 
Rl0: 
EOUH,A 
R11: EOUH,B 
R12' EOUH,C 
R13' EOUH,O 
R14 EOUH,E 
R1S' EOUH,f 


:AM2901 SOURCEOPERANOS(R SI 


"RO" 
to "R15" 
are set to hex 0 to F 


using the "equate" 
statement. 
The "HlI''' 


designator 
means the numbers 
following 


are in hex, and each digit represents 
4 bits. 


AO' EOU0'0 
AB: EOU0'1 
ZO° EOU0'2 
ZB EOU0'3 
ZA EOU0'4 
OA EOUa's 
00' EOU0'6 
OZ EOU0'7 


ALU Source operands 
are assigned 


octal values using the "equate". 
The 


"all''' designates 
octal, 3 bits, per digit. 


ADO 
EOU0'0 
~ 
SUBR: EOU0'1 
SUBS: EOU0#2 
~~b ~g~g:; _0----------------- __The 8 ALU functions 
of the AM2901 
are 


NOTRS:EOUa's 
given names. 
EXOR: EOU0'6 
EXNOR EOU0'7 


:AM2901 DESTINATIONCONTROL 


DREG 
EOU0'0 
NOP 
EOU0'1 
RAMA 
EOU0'2 
RAMf' 
EOU0'3 
RAMOO'EOU0,4 
RAMO' 
EOUD'S 


RAMOU EOU0'6 
RAMU' 
EOU0#7 


SHIfT' 
DEF8X.B,O.3X.B,O.19X 


ROTATE: DEf 8X.B,O.3X.B'1.19X 
OBlROT DEf 8X.B'1.3X.B,O.19X 
ARITH 
DEF8X.B'1.3X.B'1.19X J. 


Defines the two separated 
bits which 


control 
the left-right 
shift multiplexers. 


The "x's" 
are "don't-care" 
bits in 


between the defined bits. 


BRFNO 
BR' 
CONT 
BM: 
JSRFND' 
JSR 
RTS: 
STKREf: 
LOOPfNO: 
PUSH: 
POP: 
LOOPCOUT: 
BRfEOO' 
BRf3 
BROVR' 
BRCOUT' 


EOUH,O 
:BRANCHREGISTERIf f NOTEOUAl TO ZERO 


EOUH,l 
:BRANCHREGISTER 
EOUH,Z 
:CONTINUE 
EOUH,3 
:BRANCHMAP 
EOUH,4 
:JUMP·TO·SUBROUTINEIF F NOTEOUAl TO ZERO 
EOUH,S 
:JUMp·TO·SUBROUTINE 


EOUH,6 
:RETURNfROM SUBROUTINE 
EOUH#7 
:fILE REfERENCE 


EOUH,B 
;END lOOP AND POP If f=O 
EOUH,9 
,PUSHAND CONTINUE 


EOUH,A 
:POPAND CONTINUE 
EOUH,B 
:ENOlOOP AND POP If CN+4 
EOUH'C 
:BRANCHREGISTERIf f=O 


EOUH,D 
:BRANCHREGISTERIf f3 
EOUH,E 
:BRANCHREGISTERIf OVR 
EOUH,f 
:BRANCHREGISTERIf CN+4 


Definitions 
for the sequence control 


instructions 
used in the second field 


of the microinstruction. 


:OTHERSTUff 


CNO: EOUB,O 
CN1: 
EOUB,l 
LOW: EOUB,O 
HIGH: EOUB,l 
ZERO: EOUB,O 
ONE: EOUB,l 


AM2901: DEf 9X,3VO'l.1X,3VX, 
lVX,3VX,4VX,4VX,4X 
AM2909: OEF4VX,4VH,2,24X 
DIN' 
DEF28X,4VH' 


END 


Format definitions 
are made for the ALU 


fields, 
the sequence control 
fields, 
and the 


data input. 
Formats contain don't 
cares (xl 


and variables 
(v). Each variable can have a 


default value. For example, 
in AM2909, 
the 


second four-bit 
variable defaults to hex 2, 


and the first four-bit 
variable defaults to X. 


-------l 


o 
LOAD 
RO·VO 
I 


1 
LOAD 
R,·V, 


2 
lOAD 
R2-V2 
I 


3 
lOAD 
R4-4 


4 
CLEAR 
R3• 
0 


0000 
AM2909 & AM2901 
RAMF, DZ"OR"R0 
& DIN H#F 
0001 
AM2909 & AM2901 
RAMF, DZ"OR"R1 
& DIN 9 
0002 
AM2909 & AM2901 
RAMF, DZ"OR"R2 
& DIM 0 
0003 
AM2909 & AM2901 
RAMF, DZ"OR"R4 
& DIN 4 
0004 
AM2909 & AM2901 
RAMF, ZBy,AND"R3 
000S AS: 
AM2909 & AM2901 
,DA"AND,R0,R0 & DIN 1 
0006 
Ar~909 A14,JSRFN0 & AM2901 
RA~ID,ZB"OR"R0 
0007 
A~~909 & Ar~901 
,DA"AND,R1,R1 & DIN 1 
0008 
AM2909 A14,JSRFN0 & AM2901 
RAMO, ZB"OR"R1 
0009 
AM2909 & AM2901 
,DA"AND,R2,R2 
& DIN 1 
000A 
AM2909 A14,JSRFN0 & AM2901 
RAMO, ZB"OR"R2 
000B 
AM2909 & AM2901 
RAMF, ZB, CM0,SUBR"R4 
000C 
AM2909 AS,BRFN0 & AM2901 
0000 
AM2909 A1S,BR & A~~901 
000E A14: AM2909 ,RTS & A~901 
RAMF, ZB,CN1,ADD"R3 
000F A1S: A~~909 A1S,BR & AM2901 
,ZB"OR"R3 
END 


0'330'XXXX0010X011Xll1 X011XXXX00001111 
gggl XXXX0010X011X111 X011XXXX00011001 
gg~ 
XXXX0010X011X111 X011XXXX00100000 
ggg3 XXXX0010X011X111 X011XXXX01~00100 
ggg4 XXXX0010X011X011 X100XXXX0011XXXX 
gggS XXXX0010X001X101 X100000000000001 
ggg6 11100100X101X011 X011XXXX0000XXXX 
@ggJ XXXX0010X001X101 X100000100010001 
gggg 11100100X101X011 X011XXXX0001XXXX 
gggg XXXX0010X001X101 X100001000100001 
gggA 11100100X101X011 X011XXXX0010XXXX 
ggga XXXX0010X011X011 0001XXXX0100XXXX 
gggC 01010000X001XXXX XXXXXXXXXXXXXXXX 
gggD 11110001X001XXXX XXXXXXXXXXXXXXXX 
30g[ XXXX0110X011X011 1000XXXX0011XXXX 
000F 11110001X001X011 X011XXXX0011XXXX 


Each executable 
instruction 
naturally has a program counter 
associated with it by virtue of its position in the program and/or the 
origin(s) that were set during the assembly execution. 


This breakup of the matrix is now called a PROM map which has 
associated with it, not only the PROMs shown, but rows and 
columns as shown in Figure 6-3. Thus, we may now refer to 
PROM 19 by.using the digits 19, or by referencing R3 for Row 3 
and C5 for Column 5. 


As shown in Figure 6-4, all PROMs in Row 1 are 256 (instruc- 
tions) deep, but PROMs 1,3,5, 
and 6 are only 4 bits wide, while 


PROMs 2 and 7 are 8 bits wide and PROM 4 is 16 bits wide. 


In Row 2, all PROMs are 512 (instructions) deep and PROMs 8, 
10,12 and 13 are4 bits wide, PROMs 9 and 14are8 bits wide and 
PROM 11 is 16 bits wide. 


1 234···· 
·····················48 
Rows 3 and 4 are each 128 (instructions) deep; PROMs 15, 22, 
17,24,19,26,20, 
and 27 are 4 bits wide; PROMs 16,23,21, 
and 
28 are 8 bits wide; and PROMs 18 and 25 are 16 bits wide. 


When a user has completed an assembly, he may wish to output 
hLs binary object code in a form which corresponds 
with his 
PROMs' organization and/or he may wish to punch the object 
code from his program onto paper tapes to be used as input to a 
PROM burner. 


The assembler generates binary object code for the executable 
statements in the file named ASM. 


For our example we shall assume that the microword is 48 bits 
wide and the number of executable statements is 1024. 


This gives us a matrix 48 wide by 1024 deep as shown in Figure 
6-1. 


Executable 
1 
Instruction 
2 
Number 
3 
4 


After PROM width and depth are specified, the Bit Matrix is 
subdivided to yield a PROM Map where each PROM is n bits wide 
by m bi~sdeep. If we assume that the program origin is zero for 
our example, the actual PROM MAP printed might appear as 
shown in Figure 6-2. 


For the example, PROMs shall be organized as shown in Figure 
6-3. 


If the user requests printing (or punching) of PROM # 1 he will 
obtain data that is 4 by 256. 


If the user requests printing of Row 3, he will obtain data (i.e., the 
contents of PROMs 15 through 21) in the following form: 


If the user requests printing of Column 4 he will obtain data (i.e., 
the contents of PROMs 4, 11, 18, and 25) that is: 


PC 
Cl 
C2 
C3 
C4 
C5 
C6 
C7 


Rl 
0000 
1 
2 
3 
4 
5 
6 


,:} 
PROM 
R2 
0100 
8 
9 
10 
11 
12 
13 


R3 
0300 
15 
16 
17 
18 
19 
20 
21 
No. 
R4 
0380 
22 
23 
24 
25 
26 
27 
28 


where 


PC representsthe initial programcountervaluefor that PROM 
row. The PC value is given in hexadecimal. 


System 29 


1 
2 
3 
4 
5 
6 
7 


Colwnn * CJDDDCJCJlJ 


1 
Row * 


2 DDD 


PROM# 
DDD 


8 
9 
10 
11 
12 
13 
14 


3 ~~~I 


PROM# I~~~ 
E1 


18 
15 
16 
17 
19 
20 
21 


4 I P~~M# II 
PROM# I~I 


PROM# 
II P~~M# II P~~M# I IPROM# I 
23 
25 
28 


MPR-325 


Figure 6-3. PROM MAP 


Bit No. 
1-4 
5-12 
13-16 
17-32 
33-36 
37-40 
41-48 


Executable 
tRaM' 
I I PR~M' I I p";M'1 EJ 
Ip:aM'1EJ Ip";M'1 
Instruction 
to 


Number 
256 
1 


257 
PROM# 
PROM# 
PROM# 
PROM# 
PROM# 
PROMII' 
PROM# 


8 
9 
10 
11 
12 
13 
14 


to 


768 
,,'IPRaM'1 
to 
15 


896 


Bipolar Logic and Interface 
II 


• 
a-bit by a-bit serial/parallel multiplier 


• 
Two's complement. two-bit look-ahead carry-save arithmetic 
• 
Microprogrammable 
- four-bit instruction code for load. 
multiply, and read operations 
• 
Cascadable. two devices perform full 16-bit.multiplication 
without additional hardware 
• 
a-bit byte parallel. bidirectional. bussed I/O 


• 
On-chip registers and double length accumulator 


• 
Overflow indicator 
• 
Three-state shared bus input/output lines 
• 
High-speed architecture provides clock rates of 20MHz typo 


BUSS 


BUS3 


BUS 
1 


AJ;C UH 
OUT 
ODD 


Ace 
UH 
IN ODD 


Ace 
UH 
IN 
EVEN 


Ace lH 
IN 000 


Ace 
LH IN EVEN 


VR OUT 
000 


Vee 
x, 


OND 


VR 
IN ODD 


VA 
IN 
EVEN 


MS. 
Vo 
V, 


SUM 
IN EVEN 


SUM IN 000 


SUM 
OUT 
EVEN 


BUSO 


Ace 
UH OUT 
EVEN 


OVFL 


'0 


" 


"OND 


VR OUT 
EVEN 


""'3 


eLK 


Ace 
ADD 
OUT 
000 


Ace 
ADD 
OUT 
EVEN 


LS' 


X_1 


SUM 
OUT 
ODD 


• 
a-bit by a-bit combinatorial multiplier 


• 
Full a x a multiply in 45ns typo 


• 
Cascades to 16 x 16 in 110ns typo 
• 
Unsigned. two's complement or mixed operands 
• 
MSB ano MSB outputs for easy expansion 


• 
Implements common rounding algorithms with 
additional logic 
• 
Three-state outputs 
• 
Transparent 16-bit latch in Am25S557 


Pin assignments 
shown are for Am25S558. 
G and R shown in paren- 
theses are pin assignments 
for Am25S557. 


Refer to Schottky and Low-Power 
Schottky Data Book for complete 
product data. 


.4~D_;_~~_~_E~t: 
)CONTROL 


r-- 
16 
, 
)1 


G- ---I 
TR~~~~~~~NT 
I--- Am25SS57 
ONLY 
L 
J 


16 


OE 


OUTPUT 


ENABLE 


• 
Shifts 4 bits 0, 1, 2 or 3 places 


• Three-state outputs 
• 
tpo 6.5ns typo 


• 
Easy expansion to any number of bits without propagation 
delay increase 


'-3 
'-2 '-, 
'a 
" 
'2 
'3 
GND 


LOGIC DIAGRAM 


'-3 
'-2 
'-, 
'a 


" 
'2 
'3 
5, 
So 
DE 


I 


• 
a-bit byte oriented equal-to comparator 


• 
Easily cascadable using E1N 
• 
Combinatorial logic with tpo = g.Ons typo 
• 
Broad application in conditional gating and microprocessor 
memory address decoding 


Refer to Schottky and Low-Power 
Schottky Data Book for complete product data. 


4-2 


:::=:c>o t><:--1 
:::=:c>o t><:--1 
:::=:c>o I>o----j 
:::=:c>o I>o----j 
~:=:c>o I>o----j 
:::=:c>o t><:--1 
::=:c>o 
I>o----j 


:;:=:c>o I>o----j 


EIN 


• 
IEEE-48~ quad bidirectional transceiver 
• 
Three-state outputs 
• 
High impedance inputs 
• 
Receiver hysteresis - 
600mV typo 
• 
Fast propagation times - 
50-20ns typo 
• 
TTL compatible receiver outputs 
• 
Single +5 volt supply 
• 
Open collector driver output option 


• 
Power up/power down protection (No invalid information 
transmitted to bus) 
• 
No bus loading when power is removed -4romdevice 


• 
Required termination characteristics provided 


SEND/REC. 
Vcc 
INPUT 
A 


DATA 
A 
SEND/REC. 
INPUT 
0 


BUSA 
DATA 
0 


PULL·UP 
ENABLE 
BUSD 


INPUT 
A-B 


BUS 
B 


PULL-UP 
ENABLE 


INPUTC-D 


DATA 
B 
BUS 
C 


SEND/REC. 
DATA 
C 
INPUT 
B 


GND 
SEND/REC. 
INPUTC 


SENDI 


RECEIVE 
A IC) 


PUlL·UP 
ENABLE 


SENDI 


RECEIVE 
B (D) 


LOGIC DIAGRAM 
1/2 Am3448A 


LINE DRIVERS 
Am26LS29 


• 
Four single-ended line drivers in one package 
• 
Meets all requirements of RS-423 
• 
Output short-circuit protection 
• 
Individual rise time control for each output 
• son transmission line drive capability 
• 
High capacitive load drive capability 
• 
Low Ice and lEEpower consumption (26mW/driver typ.) 
• Three-state outputs for bus oriented systems 
• 
Outputs do not clamp line with power off or in 
high-impedance state over entire transmission line voltage 
range of RS-423 


• 
Low current PNP inputs compatible with TTL, MOS 
and CMOS 


SLEW AATE 
CONTROL 
B 


SLEW 
RATE 


CONTAOL 
C 


OUTPUT 
C 


OUTPUT 0 


SLEW 
RATE 


CONTROL 0 


• 
Dual RS-422 line driver or quad RS-423 line driver 
• 
Driver outputs do not clamp line with power off or in 
high-impedance state 
• 
Individually three-state drivers when used in differential 
mode 
• 
Low Ice and lEE power consumption 


RS-422 differential mode 
35mW/driver typo 


RS-423 single-ended mode 
26mW/driver typo 
• 
Individual slew rate control for each output 


• son transmission line drive capability (RS-422 into 


virtual ground) 
• 
Low current PNP inputs compatible with TTL, MOS 
and CMOS 


• 
High capacitive load drive capability 


Vee 
SLEW 
RATE 


CONTROL A 


INPUT 
A 
OUTPUT 
A 


INPUT/ENABLE 
B 
OUTPUT 
B 


MODE 
SLEW 
RATE 


CONTROL 
B 


ONO 
SLEW 
RATE 


CONTROL C 


INPUT/ENABLE 
C 
OUTPUT 
C 


INPUT 
0 
OUTPUT 
0 


V" 
SLEW 
RATE 
CONTROL 
0 


LOGIC DIAGRAMS 
Am26LS30 with Mode Control HIGH (RS-423) 


~ 
SReONTROLA 


INPUT 
A----v--- 
OUTPUT 
A 


SR CONTROL 
B 


'Om-t>='"~. 


~ 
SReONTROLe 


INPUT 
e----v--- 
OUTPUT 
e 


SA CONTROl. 
0 
''''''-t>= _eo" 


ENABLE 
B ---t>-~ 


~ 


SRCONTROLA 


OUTPUT 
A 


INPUT 
A 


OUTPUT 
B 


SR 
CONTROL 
B 
---tE 


SR CONTROL 
C 


OUTPUT 
C 


INPUT 
0 


OUTPUT 
0 
___ 
..... 7 
SR CONTROL 
0 


ENABLEC~ 


LINE DRIVERS AND RECEIVERS 
Am26LS31 


• 
Four line drivers in one package 
• 
Meets the requirements of EIA ;>tandard RS-422 
• 
High output drive capability for 100n terminated 
transmission lines 
• 
Output short-circuit protection 
• 
Complementary outputs 
• 
Outputs won't load line when Vcc = 0 
• 
Output skew - 2.0ns typo 
• 
Input to output delay - 
12ns 
• 
Operation from single +5V supply 


INPUT A 
+5.0V 


A OUTPUTS 1 


INPUT 0 


} 0 OUTPUTS 


ENABLE 


8 OUTPUTS 1 


ENABLE 


} C OUTPUTS 
INPUT B 


GNO 
INPUT C 


• 
Quad differential line receivers 
• 
Am26LS32 meets all the requirements of RS-422 
and RS-423 
• 
Input voltage range 15V on Am26LS33; 7V on Am26LS32 
• 
±0.2V sensitivity over the input voltage range on 
Am26LS32; ±0.5V sensitivity on Am26LS33 
• 
Fail safe input/output relationship. Output always high when 
inputs are open 
• 
Three-state drive, with choice of complementary output 
enables, for receiving directly onto a data bus 
• 
6k minimum input impedance 
• 
30mV input hysteresis 
• 
Operation from single +5V supply 


INPUTS A 1 


Vcc 


} 
INPUTS 8 
OUTPUT 
A 


ENABLE 
OUTPUT 
B 


OUTPUT 
C 
f:NABlE 


INPUTS C 1 


OUTPUT 
0 


} 
INPUTS 0 


GNO 


Refer to Schottky and Low-Power Schottky Data Book for complete product data. 
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Advanced Bipolar Memory 


STATIC R/W RANDOM-ACCESS MEMORIES 


Part 
Maximum Access 
Operating Power - 


Number 
Organization 
Time (ns) 
Temp. Range 
Max. (mW) 
Outputs 


Am3101 
16 x 4 
60 
C 
550 
Open Collector 


Am3101-1XCt 
16 x 4 
35 
C 
525 
Open Collector 


Am3101-1XMt 
16 x 4 
50 
M 
580 
Open Collector 
Am5489-1 t 
16 x 4 
50 
M 
580 
Open Collector 


Am7489 
16 x 4 
60 
C 
550 
Open Collector 
Am7489-tt 
16 x 4 
35 
C 
525 
Open Collector 
Am31L01AXC 
16 x 4 
55 
C 
185 
Open Collector 


Am31L01AXM 
16 x 4 
65 
M 
210 
Open Collector 


Am27S02XC 
16 x 4 
35 
C 
550 
Open Collector 
Am27S02XM 
16 x 4 
50 
M 
580 
Open Collector 
Am27S03XC 
16 x 4 
35 
C 
550 
3-State 


Am27S03XM 
16 x 4 
50 
M 
580 
3-State 


Am27S02AXC 
16 x 4 
25 
C 
525 
Open Collector 


Am27S02AXM 
16 x 4 
30 
M 
580 
Open Collector 


Am27S03AXC 
16 x 4 
25 
C 
525 
3-State 


Am27S03AXM 
16 x 4 
30 
M 
580 
3-State 
Am27LS02XC 
16 x 4 
55 
C 
185 
Open Collector 
Am27LS02XM 
16 x 4 
65 
M 
210 
Open Collector 
Am27LS03XC 
16 x 4 
55 
C 
185 
3-State 


Am27LSO~XM 
16 x 4 
65 
M 
210 
3-State 


Am27S06XCtt 
16 x 4 
25 
C 
525 
Open Collector 


Am27S06XMtt 
16 x 4 
30 
M 
580 
Open Collector 


Am27S07XCtt 
16 x 4 
25 
C 
525 
3-State 
Am27S07XMtt 
16 x 4 
30 
M 
580 
3-State 
Am27LS06XCtt 
16 x 4 
55 
C 
185 
Open Collector 


Am27LS06XMtt 
16 x 4 
65 
M 
210 
Open Collector 


Am27LS07XCtt 
16 x 4 
55 
C 
185 
3-State 


Am27LS07XMtt 
16 x 4 
65 
M 
210 
3-State 


Am27LSOOAXC 
256 x 1 
35 
C 
525 
3-State 
Am27LSOOAXM 
256 x 1 
45 
M 
550 
3-State 
Am27LSOOXC 
256 x 1 
45 
C 
370 
3-State 


Am27LSOOXM 
256 x 1 
55 
M 
385 
3-State 


Am27LS01AXC 
256 x 1 
35 
C 
525 
Open Collector 


Am27LS01AXM 
256 x 1 
45 
M 
550 
Open Collector 


Am27LS01XC 
256 x 1 
45 
C 
370 
Open Collector 


Am27LS01XM 
256 x 1 
55 
M 
385 
Open Collector 
Am93415XC 
1024 x 1 
45 
C 
815 
Open Collector 
Am93425XM 
1024 x 1 
60 
M 
935 
3-State 


-Am93412XC 
256 x 4 
45 
C 
815 
Open Collector 


-Am93422XM 
256 x 4 
60 
M 
935 
3-State 


tOption of Aew improved Am27S02A featuring higher speed and write cycle transparency similar to Am3101 and Am7489 


ttSame 
as Am27S02A103A and Am27LS02/03 respectively with non-inverting outputs 


-Available first quarter 1980 


READ-ON/-Y MEMORIES 


Part 
Access 
Temp. 
Power 
Operatin«, 
Number 
Organization 
Time 
Range 
Supplies 
Power (m 
) 
Outputs 


Am27S80XC 
1024 x 8 
175 
C 
+5V 
895 
Open Collector 


Am27S80XM 
1024 x 8 
275 
M 
+5V 
935 
Open Collector 
Am27S81XC 
1024 x 8 
175 
C 
+5V 
895 
3-State 
Am27S81XM 
1024 x 8 
275 
M 
+5V 
935 
3-State 


Am27S82XCttt 
1024 x 8 
175 
C 
+5V 
895 
Open Collector 
Am27S82XMttt 
1024 x 8 
275 
M 
+5V 
935 
Open Collector 
Am27S83XCttt 
1024 x 8 
175 
C 
+5V 
895 
3-State 
Am27S83XMttt 
1024 x 8 
275 
M 
+5V 
935 
:>-Stale 


tttSame 
as Am27S80 and Am27S81 with OR Enable Chip Select 


BIPOLAR MEMORY SELECTION GUIDE 


PROGRAMMABLE READ·ONLY MEMORIES 


Part 
Access 
Temp. 
Power 
Operating 
Package 


Numbers 
Organization 
Time 
Range 
Supplies 
Power (mW) 
Pins 
Outputs 


Am27S18XC 
32 x 8 
40 
C 
+5V 
605 
16 
Open Collector 


Am27S18XM 
32 x 8 
50 
M 
+5V 
635 
16 
Open Collector 


Am27S19XC 
32 x 8 
40 
C 
+5V 
605 
16 
3-State 
Am27S19XM 
32 x 8 
50 
M 
+5V 
635 
16 
3-State 


Am27LS20XC 
256 x 4 
45 
C 
+5V 
685 
16 
Open Collector 


Am27LS20XM 
256 x 4 
60 
M 
+5V 
715 
16 
Open Collector 
Am27LS21XC 
256 x 4 
45 
C 
+5V 
685 
16 
3-State 
Am27LS21XM 
256 x 4 
60 
M 
+5V 
715 
16 
3-State 
Am27S12XC 
512 x 4 
50 
C 
+5V 
685 
16 
Open Collector 


Am27S12XM 
512 x 4 
60 
M 
+5V 
715 
16 
Open Collector 
Am27S13XC 
512 x 4 
50 
C 
+5V 
685 
16 
3-State 
Am27S13XM 
512 x 4 
60 
M 
+5V 
715 
16 
3-Sfate 
Am27S15XC 
512 x 8 
60 
C 
+5V 
920 
24 
3-State w/Latches 
Am27S15XM 
512 x 8 
90 
M 
+5V 
1020 
24 
3-State w/Latches 
Am27S25XC 
512 x 8 
N.A.t 
C 
+5V 
970 
24tt 
3-State w/Registers 


Am27S25XM 
512 x 8 
NAt 
M 
+5V 
1020 
24tt 
3-State w/Registers 
Am27S26XC 
512 x 8 
NAt 
C 
+5V 
970 
22 
Open Collector 
w/Registers 
Am27S26XM 
512 x 8 
NAt 
M 
+5V 
1020 
22 
Open Collector 
w/Registers 
Am27S27XC 
512 x 8 
NAt 
C 
+5V 
970 
22 
3-State w/Registers 


Am27S27XM 
512 x 8 
NAt 
M 
+5V 
1020 
22 
3-State w/Registers 


Am27S28XC 
512 x 8 
55 
C 
+5V 
920 
20 
Open Collector 


Am27S28XM 
512 x 8 
70 
M 
+5V 
965 
20 
Open Collector 


Am27S29XC 
512 x 8 
55 
C 
+5V 
920 
20 
3-State 
Am27S29XM 
512 x 8 
70 
M 
+5V 
965 
20 
3-State 
Am27S30XC 
512 x 8 
55 
C 
+5V 
920 
24 
Open Collector 


Am27S30XM 
512 x 8 
70 
M 
+5V 
965 
24 
Open Collector 


Am27S31XC 
512 x 8 
55 
C 
+5V 
920 
24 
3-State 
Am27S31XM 
512 x 8 
70 
M 
+5V 
965 
24 
3-State 
Am27S32XC 
1024 x 4 
55 
C 
+5V 
735 
18 
Open Collector 


Am27S32XM 
1024 x 4 
70 
M 
+5V 
800 
18 
Open Collector 


Am27S33XC 
1024 x 4 
55 
C 
+5V 
735 
18 
3-State 
Am27S33XM 
1024 x 4 
70 
M 
+5V 
800 
18 
3-State 
Am27S180XC 
1024 x 8 
60 
C 
+5V 
920 
24 
Open Collector 


Arn27S180XM 
1024 x 8 
80 
M 
+5V 
1020 
24 
Open Collector 


Am27S181XC 
1024 x 8 
60 
C 
+5V 
920 
24 
3-State 
Am27S181XM 
1024 x 8 
80 
M 
+5V 
1020 
24 
3-State 
"Am27S184XC 
2048 x 4 
55 
C 
+5V 
630 
18 
Open Collector 
"Am27S184XM 
2048 x 4 
70 
M 
+5V 
715 
18 
Open Collector 
"Am27S185XC 
2048 x 4 
55 
C 
+5V 
630 
18 
3-State 
"Am27S185XM 
2048 x 4 
70 
M 
+5V 
715 
18 
3-State 


tNormal 
Access time not applicable 
- this product contains built-in pipeline registers - nominal address to clock set-up time 40ns, clock to output 15ns. 


ttSlimline 
300 mil pin centers. 


"Available 
second quarter 
1980. 


Am27LSOO/Am27LS01 


Distinctive 
Characteristics 
• 
Fully decoded 
256-bit 
TTL RAMs. 
Plug-in replacements 
for 74200. 
IM5503/5523, 
93411/21 
Pin compatible 
with MM6530/31, 
3106/7, 
82S06, 
74S201 
• 
Open 
collector 
(Am27LS01) 
and three-state 
(Am27LSOO) 
• 
High speed operation: 


35 ns typical 
access time 


45ns guaranteed 
(00 C to +75° C) 
55ns guaranteed 
(-55°C 
to +125°C) 
• 
Very low power dissipation 
275mW typical 
70mA 
maximum 
lee 
• 
Full military 
temperature 
range performance. 
100% tested 
to GALPAT 
at _55°C 
and +125°C 


10% power supply tolerance 
• 
Internal 
ECL circuitry 


Uniform 
access 
times 
over 
voltage 
and 
temperature 


variations. 


• 
Tested to GALPAT. 


Functional 
and switching 
characteristics 
are guaranteed 
for all data and address 
patterns. 


FUNCTIONAL 
DESCRIPTION 
The Am27LSOO and Am27LS01 are fully decoded bipolar random 
access memories 
for use in high-speed 
buffer 
memories 
and as a replace- 


ment 
for 
high-speed 
COfe memories 
in digital 
systems. 
The 
memories 
are 


organized 256-words by 1-bit with an B-bit binary address field and 
separate 
data 
in and data output 
lines. The 
memories 
have three 
active 


LOWchip select inputs and a three·state output (Am27LSOO)or open- 
collector output (Am27LS01). All inputs are buffered to present an 
input load of only 0.5 TTL unit loads. 


Read/write operation 
is controlled by an active LOW write enable 


input. When the write enable is LOWand the chip is selected the data 
on the data input is written 
into the location specified by the address 


inputs. During this operation 
the output 
floats allowing the data bus to 


be used by 
other 
memories 
or 
open-eollector 
logic 
elements 
that 
are 


tied to the inverting data output. 
Reading is accomplished 
by having 


the chip selected and the write enable input HIGH. Data stored in the 
location 
specified 
by the address 
inputs 
is read out and appears 
on the 


data output 
inverted. 


The chip is selected by three active LOW inputs all of which must be 
LOW in order for the data output 
to be active during the read operation 
and for data 
to be written 
into or from the memory. 
These three 
active 


LOW chip select inputs permit the Am9301 or Am54LS/74LS13B 
MSI decoders 
to select 
memories 
in either 
a linear select, 
two 
or three 


dimensional 
mode 
of operation 
when 
large memory 
systems 
are being 


built. The delay from the chip select to the output 
is considerably_ 
faster 


than 
from 
the 
address 
inputs 
and extra 
delay 
can be tolerated 
in the 


chip select 
path 
without 
affecting 
system 
performance. 


ArAm~oo 
~_~J 


B 
C 
r---------, 
A 
Am27LS01 
I 
00 
I 
I 
I-. 
.-J 


B 
C 


A4 
AS 
A6 
A, 


BPM-056 


ORDERING 
INFORMATION 
CONNECTION 
DIAGRAM 
lOGIC 
SYMBOL 


Three-State 
Output 
Top View 


Molded DIP 
O°C to +75°C 
AM27LSOOPC 
vcc 
A2 
A3 
01 
WE 
A, 
"a 
"a 
2 
1 
15 14 
7 
9 
10 11 
Hermetic 
DIP 
O°C to +75°C 
AM27LSOODC 
Hermetic·DIP 
-55°C 
to +125°C 
AM27LSOODM 


Flat Pack 
-55°C 
to +125°C 
AM27LSOOFM 


Am27LSOO/Ol 


Open Collector 
Output 


RAM 
00 
256W X l~'T 


Molded DIP 
O°C to +75°C 
AM27LS01PC 
'2 


Hermetic 
DIP 
O°C to +75°C 
AM27LSOlDC 
A, 
AO 
CS 
CS 
CS 
00 
A4 
GNO 
Hermetic 
DIP 
-55°C 
to +125°C 
AM27LSOlDM 
Flat Pack 
-55°C 
to +125°C 
AM27LS01FM 
VCC=Pin16 


Note: 
Pin 
1 is marked 
for 
orientation. 


BPM-057 
GND=Pin8 


5-1 


Am27LSOOI Am27LS01 


MAXIMUM RATINGS 
(Above which the useful life may be impaired) 


-65°C 
to + 150°C 


-55°C 
to +125°C 


-0.5Vto 
+7V 


-0.5 
V to +Vcc 
max 


-0.5Vto+Vcc 


30 mA 


-30mA 
to +50mA 


Storage 
Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs for High Output State 


DC Input Voltage 


Output Current, Into Outputs 


DC Input Current 


Ambient 
Operating 
Temperature 


Power Supply 


Voltage 


Am27LSOODC, 
PC 
O°C to +75°C 
4.75 
V to 5.25 V 
Am27LSOl 
DC, PC 


Am27LSOODM, 
FM 
-55°C 
to +125°C 
4.50 
V to 5.50 V 
Am27LSOl 
DM, 
FM 


VOH 
Output 
HIGH 
Voltage 
VCC = MIN.,IOH 
= -2.0 
mA 
(MIL 
Range) 
2.4 
3.1 
Volts 


(Am27LSOO 
Onlv) 
VIN = VIH 
or VIL, 
'OH 
= -2.6 
mA 
(COM'L 
Range) 


VOL 
Output 
LOW Voltage 
VCC = MIN.,IOL 
= 16.0 mA, 
VIN = VIH 
or VIL 
0.3 
0.45 
Volts 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
voltage 
for all inputs 
2.0 
Volts 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
voltage 
for all inputs 
0.8 
Volts 


IlL 
Input 
LOW Current 
VCC - MAX., 
VIN 
- 0.4 V 
-0.50 
-0.80 
mA 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 2.7 V 
<1 
20 
IlA 


VBK 
Input 
Breakdown 
Voltage 
VCC = MAX.,IIN 
= 100 IlA 
7.0 
V 


VCC 
= MAX., 
CS = 2.4 V, VOUT 
= 2.4 V 
<1 
30 
ILK 
Output 
Leakage 
Current 
VCC = MAX., 
CS = 2.4 V, VOUT 
= 0.4 V 
<1 
-30 
IlA 


ISC 
Output 
Short 
Circuit 
Current 
VCC = MAX., 
VOUT 
= 0.0 V 
-20 
-30 
-60 
mA 


ICC 
Power 
Supply 
Current 
VCC - MAX. 
55 
70 
mA 


VI 
Input 
Clamp 
Voltage 
VCC 
- 
MIN, 
IIN 
- 
-lB 
mA 
-1.5 
Volts 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless Otherwise 
Noted) 


TA= 
o°c to 


75°C 
Min. 
Max. 


TA= 


-55°C 


to 125°C 


Min. 
Max. 


tPLH(AI 
Delay from 
Address 
to Output 
See Fig. 2 
35 
15 
45 
10 
55 
ns 


tpHL(A) 


tPZH(CS) 


Delay 
from 
Chip 
Select 
to Active 
Output 
and Correct 
Data 
See Fig. 2 
15 
5 
25 
5 
30 
ns 


tPZL(CS) 


tPHZ(CS) 


Delay 
from 
Chip 
Select 
to I nactive 
Output 
15 
5 
25 
5 
30 
ns 


tPLz,CSI 
See Fig. 2 


trec(WE) 
Delay 
from 
Write 
Enable (HIGH) 
to Correct 
Output 
Data 
See Fig. 1 
25 
45 
55 
ns 


tpZH(WE) 
Delay 
from 
Write 
Enable 
(H IGH) 
to Active 
Output 
See Fig. 1 
5 
5 
ns 


tpZL(WE) 


tPHZ(WE) 
Delay from 
Write 
Enable (LOW) 
to Inactive 
Output 
20 
30 
40 
tpLZ(WE) 
See Fig, 1 
ns 


tslA) 
Set·up Time Address 
0 
0 
5 
ns 


thlA) 
Hold Time 
Address 
See Fig. 1 
0 
0 
5 
ns 


ts'OII 
Set-up Time 
Data Input 
See Fig. 1 
20 
30 
35 
ns 


th(OI) 
Hold Time 
Data Input 
See Fig. 1 
0 
0 
5 
ns 


tpw(WE) 
Write 
Enable 
Pulse Width 
See Fig. 1 
20 
30 
35 
ns 


Am27LSOO/Am27LS01 LOADING RULES 


(In TTL Unit Loads) 


Fan-out 


Input 
Output 
Output 
Input/Output 
Pin No.'s 
Unit 
Load 
HIGH 
LOW 


A, 
1 
0.5 


Ao 
2 
0.5 


CS 
3 
0.5 


CS 
4 
0.5 


CS 
5 
0.5 


OOINo,e) 
6 
50/65 
10 


A4 
7 
0.5 


GNO 
8 


As 
9 
0.5 


A6 
10 
0.5 


A7 
11 
0.5 


WE 
12 
0.5 


01 
13 
0.5 


A3 
14 
0.5 


A2 
15 
0.5 


Vcc 
16 


Note: 
Am27L 
01 has open 
collectOr 
output. 


A 
Standard 
T 
L 
Unit 
Load 
is defined 
as 40,uA 
measured 
at 2.4V 
HIGH 


and 
-1.6mA 
rT1easured at O.4V 
LOW, 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


Am27LSOO/Am27LS01 LOADING RULES 


(In Low Power Schottky Unit Loads) 


Fan-out 


Input 
Output 
Output 


Input/Output 
Pin No.'s 
Unit 
Load 
HIGH 
LOW 


A, 
1 
2.2 


Ao 
2 
2.2 


CS 
3 
2.2 


CS 
4 
2.2 


CS 
5 
2.2 


00 (No,e) 
6 
100/130 
44 


A4 
7 
2.2 


GNO 
8 


As 
9 
2.2 


A6 
10 
2.2 


A7 
11 
2.2 


WE 
12 
2.2 


01 
13 
2.2 


A3 
14 
2.2 


A2 
15 
2.2 


Vcc 
16 


Note: 
Am27LSOl 
has open 
collector 
output. 


A 
Low 
Power 
Schottky 
TT L Unit 
Load 
is defined 
as 20JlA 
measured 
at 


2.7V 
HIGH 
and 
-O.36mA 
measured 
at O.4V 
LOW. 


TRUTH TABLE 
D 
Inputs 
Output 
Mode 


CS 
WE 
01 
OO(tn+l) 


H 
X 
X 
OFF 
No Selection 


L 
L 
L 
OFF 
Write 
'0' 


L 
L 
H 
OFF 
Write 
'1' 


L 
H 
X 
51(tnl 
Read 


H 
HIGH 
Voltage 
Level 
L 
LOW Voltage 
Level 


X 
Don't 
Care 


OFF = Floating 
output 
level is determined 
by external 
circuitry 
connected 
to the output. 


KEY TO TIMING DIAGRAM 


ADDRESS 


WAVEFORM 
INPUTS 
AG-7 
OUTPUTS 


MUST 
BE 
WILL 
BE 
STEADY 
STEADY 
ell 
-- 


MAY CHANGE 
Will 
BE 


FRQMHTOl 
CHANGING 


WI' 


FROM H TO L 


JJJJJJ 


MAY 
CHANGE 
WILL 
BE 


FROM L TO H 
CHANGING 


DI 
FROM L TO H 
-- 


DON'T CARE; 
CHANGING; 


ANY CHANGE 
STATE 
1lll 
PERMITTED 
UNKNOWN 


(lFB-Ll 


H 


CENTER 


DOES 
NOT 
LINE 
IS 
HIGH 


BPM-059 
APPLY 
IMPEDANCE 
"OFF" STATE 


Write 
Cycle Timing. 
The cycle 
is initiated 
by an address 
change. 
After 
t, (Al 
max, the write 
enable 
may 
begin. The chip 
select 
must also be LOW for writing. 
Following the write pulse, t, {Al max must be allowed 
before the address may be changed again. The output 
will 
be inactive 
(floating for the Am27LSOO)while 
the 
write 
enable 
is LOW. Ordinarily, 
the chip select should be LOW during the entire write pulse. 


Figure 1 


Switching 
delays 
from 
address 
and chip 
select 
inputs to the data output. For the Am27LSOOQ,sabled output 


is "OFF," 
represented 
by a single center line_ For the Am27LS01, a disabled output is HIGH. 


Figure 2 


S is closed for all tests except for Am27LSOO tests in which 
the output 
switches between an active HIGH level 
and a HIGH impedance 
state. 


OUTPUT 
lOADING 
RULES 


The Am27 lS01 
has an open collector 
output. 
The outputs 


of several memories 
may be tied together 
and the common 
line connected 
through 
a pull-up resistor to VCC. The com- 


mon line will go lOW 
if and only if one of the Am27lS01 


outputs 
connected 
to 
it goes 
lOW, 
i.e., 
is enabled 
and 


reading 
a lOW. 
The HIGH state 
is established 
by the pull- 


up 
resistor. 
The 
value 
of the 
resistor 
is limited 
by two 


equationJ: 


Vcc (max) -0.4 


16-i 
(1.6) 


i = number 
of TTl 
inputs 


driven 


SUBSCRIPT 
TERMS: 


H 
HIGH, applying 
to a HIGH-signal 
level or when 
used with 


Vcc to indicate 
high Vcc value. 
I 
Input. 
l 
lOW, applying 
to a lOW signal level or when used with Vcc 


to indicate 
low Vcc value. 
a Output. 


X Unknown 
or don't 
care state 


Z 
OF F, applying 
to 
the 
third 
high impedance 
state 
of the 


output. 


FUNCTIONAL 
TERMS: 
Three State 
A three state 
output 
can exist 
in three 
possible 


states: 
output 
LOW sinking 
current, 
output 
HIGH 
sourcing 


current, 
and output 
floating 
where 
the 
output 
level is deter- 


mined 
by external 
circuitry 
connected 
to 
the 
output_ 
This 


three 
state 
output 
a1I0ws AN D tyi ng of memory 
outputs 
for 


memory 
expansion 
and still keeps the inherent 
high speed of 


active pull-up circuitry. 


Fully 
Decoded 
In a fully 
decoded 
memory 
every 
possible 


address 
combination 
of 
logic 
HIGH's 
and 
LOW's 
uniquely 


selects 
a memory 
word. 
This form 
of decoding 
requires 
no 


additional 
special 
purpose 
decoders 
for system 
operation 
and 


is the 
most 
efficient 
in terms 
of address 
inputs 
required 
and 


overall system speed. 


Fan-Out 
The 
logic HIGH or LOW output 
drive capability 
in 


terms of Input 
Unit Loads. 


Input 
Unit Load 
One T2 L gate input load. 


SWITCHING 
TERMS: 
(All switching 
times are measured 
at the 


1.5 V logic level). 
tPXH 
The delay 
from 
a logic level change 
at an input 
to a 
HIGH level on an output. 


Vcc (min) -2.4 
R(max) 
= ------ 
0.03n + 0.04i 


n = number 
of Am27LS01 
outputs 
connected 


together 


For highest 
speed, 
use the minimum 
R; for lowest 
power, 


use the maximum 
R. 


The 
Am27LSOO 
has active 
circuitry 
to establish 
both 
the 


HIGH and LOW logic levels and requires 
no pull-up resistor. 
Up to 64 Am27LSOO outputs 
can be connected 
together. 


tpXL 
The delay 
from 
a logic level change 
at an input 
to a 5 


LOW level on an output. 


tpxz 
The delay 
from 
a logic level change 
at an input 
to a 
high impedance 
state on a three state output. 
Measured 
with a 


resistor 
pull-down 
or pull-up. 


tpxx (A) 
The 
delay 
from 
an address 
input 
to the 
memory 


output. 


tpxx(CS) 
The delay from a chip select 
input 
to the memory 


output. 


tpxz(WE) 
The delay from a HIGH-to-LOW 
transition 
on the 


write enable 
to a high impedance 
level on the memory 
output. 


tpzx(WE) 
The delay from a LOW-to-HIGH 
transition 
on the 


write enable to an active level on the memory 
output. 


tpw(WE) 
The shortest 
LOW pulse on the write 
enable 
input 
which 
is guaranteed 
to 
cause 
the 
memory 
to 
write. 
Pulses 
shorter 
than 
tpw(WE) 
min. 
mayor 
may 
not 
cause 
a write 
to occur. 


ts(A) 
The set-up 
time 
of the 
address 
inputs 
relative 
to the 


HIGH-to-LOW 
edge ofthe 
write pulse. This is the time required 
for 
internal 
address 
decoding 
to 
settle. 
To avoid 
writing 
in 


spurious 
addresses, 
a stable 
address 
should 
be applied 
to the 


address inputs at least ts (A) max. before the write pulse begins. 
th(A) 
The address 
hold time. This parameter 
is similar to ts(A) 


but 
is measured 
relative 
to the 
end of the write 
pulse rather 


than the beginning. 
A stable 
address 
should 
be maintained 
on 


the 
address 
inputs 
for th (Al max. 
after 
the 
write 
pulse 
has 


ended 
in order to prevent writing 
in spurious 
addresses. 


ts(OI) 
Data set-up time. The time prior to the end of the write 


pulse during 
which 
data 
must be stable to be correctly 
written 
into the memory. 


th(DI) 
Data hold time. The time following 
the end of the write 


pulse during which data must not be changed. 


Ao-------AlO 
III 


I 


10 


"0 
A, 
A2 
E 
I 


.••.••74LSI38 
l.of.fOeCOOER 


12 
J 
4 
5 
II 
7 


11 


r--- 


~ 
AoA1A2AJA4AS"tiA,J 


G-4-OL.....J 
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01 
RAM 
00 


256W 
X I BIT 


16 
vec 


15 
A2 


14 
A3 


12 
~ 
11 
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10 
A6 
A, 


GNO 


Am27502 • 27503 


Distinctive Characteristics 


• 
Fully decoded 16-word x 4-bit Schottky technology 
high-speed RAM. 


• 
Accesstime typically 
22ns. 


• 
Available 
with 
three-state outputs 
(Am27S03) 
or 


with open ~ollector outputs (Am27S02). 


• 
Pin compatible 
high speed replacement for 
3101, 


93403, and 7489 (useAm27S02) and for OM 75/8599 
(use Am27S03). 


• 
100% reliability 
assurancetesting in compliance with 


MIL-STD-883. 


The 
Am27S02(Am31 
01 Al 
and 
Am27S03 
are 
54-bit 
RAMs 
built 
using Schottky 
diode 
clamped 
transistors 
and are ideal 
for 
use in 
scratch 
pad 
and 
high-speed 
buffer 
memory 
applications. 
Each 


memory 
is organized 
as a fully 
decoded 
16-word 
memory 
of 4 bits 
per word. 
Easy memory 
expansion 
is provided 
by an active 
LOW 
chip 
select 
,(CSI 
input 
and 
open 
collector 
OR 
tieable 
outputs 
(Am31 01 A/tm27S021 
or three-state 
outputs 
(Am27S031. 
Chip se- 
lection 
for large memory 
systems 
can be controlled 
by active 
LOW 
output 
decoders 
such as the Am9301 
and Am9311. 


An active 
LOW Write 
line WE controls 
the writing/reading 
operation 
of the memory. 
When the chip select and write 
lines are LOW the 
information 
on the four 
data inputs 
DO to 03 is written 
into the 
addressed 
memory 
word. 


Reading 
is performed 
with 
the chip 
select line 
LOW and the write 
line 
HIGH. 
The 
information 
stored 
in the addressed word 
is read 
out on the four 
inverting 
outputs 
00 
to 03- 


During 
the vyriting 
operation 
or when 
the chip 
select line is HIGH 


the four 
outputs 
of the memory 
go to an inactive 
high impedance 
state. 


10 
12 


AOCS 
DO 
D, 
D, 
03 
WE 


'5 
A, 
Am27S02/Am27S03 
RAM 
14 
A, 
16Wx48 


13 
A3 
Do 
01 
0, 
03I 
9 
11 


CONNECTION 
DIAGRAM 


Top View 


Package 
Type 


Molded 
DIP 
Hermetic 
DIP 
Hermetic 
DIP 
Hermetic 
Flat Pak 


Open Collector 
Outputs 


Temperature 
Range 


O°C to 75°C 
O°C to 75°C 


_55°C 
to +125°C 
_55°C 
to +125°C 


AM27S02PC 
or P3101A 
AM27S02DC 
or C31 01 A 
AM27S02DM 
AM27S02FM 


Molded 
DIP 
Hermetic 
DIP 
Hermetic 
DIP 
Hermetic 
Flat Pak 


Three-State 
Outputs 


O°C to +75°C 
O°C to +75°C 
_55°C 
to +125°C 
_55° C to +125° C 


AM27S03PC 
AM27S03DC 
AM27S03DM 
AM27S03FM 


MAXI MUM RATI NGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
(Pin 16 to Pin 8) 


DC Voltage Applied 
to Outputs 
for High Output 
State 


DC Input Voltage 


Output 
Current, 
Into Outputs 


DC Input Current 


_65°C 
to +150°C 


_55°C 
to +125°C 


-0.5V 
to +7V 


-0.5V 
to +Vcc 
max. 


-0.5V 
to +5.5V 


100mA 


-30 
mA to +5.0 mA 


Am27S02XC, 
Am27S03XC 


Am27S02XM, 
Am27S03XM 


Parameters 


T A = OoC to +7SoC 
TA = -5SoC 
to +125°C 


Description 


VCC = 5.0V 
±5% 


vcc:::: 
5.0V ±10% 


Test Conditions 
Typ. 
(Note 1) 


VOH 
Output 
HIGH 
Voltage 
VCC = MIN., 
IOH 
= -0.8mA 
2.4 
3.6 
Volts 
(Am27S03 
onlv) 
VIN 
= VIH 
or VIL 


VCC - MIN., 
I IOL - 16mA 
0.3 
0.45 
VOL 
Output 
LOW Voltage 
Volts 


VIN 
= VIH 
or VIL 
I IOL - 20mA 
0.5 


'VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
voltage 
for all inputs 


'VIL 
I nput 
LOW 
Level 
Guaranteed 
input 
logical 
LOW 


0.8 
Volts 
voltage 
for all inputs 


IlL 
Input 
LOW Current 
VCC = MAX., 
I 
WE, DO-D3' 
AO-3 
.030 
0.25 
I 
CS 


mA 
VIN 
= 0.45V 
.060 
0.25 


IIH 
Input 
HIGH 
Current 
VCC 
- MAX., 
VIN 
- 2.4V 
10 
IJA 


ISC 
Output 
Short Circuit 
Current 
VCC 
= MAX., 
VOUT 
= O.OV 
-12 
-35 
-90 
mA 
(Am27S03 
onlY) 


ICC 
Power 
Supply 
Current 
All 
inputs 
- GND 
I Am27S02 
76 
105 
I Am27S03 


mA 
VCC= 
MAX. 
87 
125 


Vc 
Input 
Clamp 
Voltage 
VCC 
= MIN., 
IIN 
= -5.0mA 
-1.0 
Volts 


VCs=VIHorVWE-VIL 
I Am27S02 
100 


VOUT= 
2.4V 
I Am27S03 
40 
IJA 


ICEX 
Output 
Leakage Current 
VCS 
- VIH 
or VWE 
- VIL 
(Am27S03) 
-40 
IJA 
VOUT 
= O.4V, 
VCC = MAX. 


TA=OOto 
75°C 


Min. 
Max. 
Units 


tpd±(CS) 
Delay Chip Select to Output 
I Am27S02 
12 
5 
17 


HIGH 
or LOW 
I Am27S03 


ns 


15 
25 


tpdz(CS) 
Delay 
Chip Select 
H IG H to 
12 
20 
ns 
Output 
OFF 


tpd+(A) 
Delay Address 
to Output 
HIGH 
22 
10 
35 
ns 


tpd_(A) 
Delay 
Address 
to Output 
LOW 
22 
10 
35 
ns 


trec(WE) 
Write 
Recovery 
Time 
VCC = 5.0V, 
CL = 30 pF, RL = 300.0. VCC 
35 
ns 


'tpw(WE) 
Write 
Pulse Width 
and 
25 
ns 


"ts(D) 
Data Set-up Time 
600.0. to GND 
(16mA 
Load) 
25 
ns 


"th(D) 
Data Hold Time 
measure at 1.5V 
0 
ns 


"ts(A) 
Address 
Set-up Time 
0 
ns 


"th(A) 
Address 
Hold 
Time 
0 
ns 


tpd±(WE) 
Delay WE HIGH 
to Output 
Active 
12 
25 
ns 


tpdz(WE"1 
Delay WE 
LOW to Output 
OF F 
12 
25 
ns 


FUNCTIONAL 
TERMS 


CS 
Active 
LOW chip 
select 
input. 
When 
the 
chip 
select 
is 
LOW data can be read from or written 
into the memory. 


Di 
The data inputs 
of the memory. 
i = 1 - 4 


0i 
The data outputs 
of the memory, 
i = 1 - 4 


0i(tn) 
The state of output 
i at time n. 


Di(tn-x) 
The 
state 
of the 
Di input 
at 
time 
tn-x, 
where 
tn-x 
is the time of the last write operation 
into a given address. 


WE 
Active LOW Write Enable. When the write enable 
is LOW, 


data 
on the data 
inputs 
is written 
into the addressed 
memory 


location. 
When WE is HIGH data 
is read from 
the addressed 
location 
and appears, 
inverted, 
at the 6 outputs. 


UNIT LOAD 
A TTL input 
unit load is defined 
as -1.6mA 
at 


OAV (LOW state) 
and 40pA at 2AV 
(HIGH state). 


SWITCHING 
TERMS 


tpd±(CS) 
"ij1e delay from the chip select input going LOW to 


the 
output 
going 
active. 


tpdz(CS) 
The delay from the chip select going HIGH to the 
output 
assuming 
an inactive high impedance 
level. 


tpd±(A) 
The delay 
from a change 
on the address 
inputs to a 
correct 
HIGH 
(tpd+) 
or 
LOW (tpd-) 
level on the 
outputs. 


Access time. 


trec(WE) 
Write 
recovery 
time. 
The 
delay 
from 
a LOW-to- 


HIGH transition 
on the write enable to the correct 
data 
Or) the 
outputs 
of the memory. 
This is the time required 
between 
the 


end 
of 
the 
write 
operation 
and 
a 
read 
operation 
in 
the 
same address. 


*tpw(WE) 
Minimum 
writ.e pulse width. 
The 
LOW time on the 
write enable 
input required 
to cause a write. 


* ts(D), *th(D) 
Data set-up and hold times. The time, 
relative to 


the 
end 
of the 
write 
pulse (LOW-to-HIGH 
edge) after 
which 


the data 
on the data 
inputs 
will not be written 
into the mem- 
ory. 
To 
ensure 
writing 
the 
correct 
data, 
the 
data 
must 
be 
present 
before 
*ts(DI 
min. 
and 
must 
remain 
until 
after 
*th(D) 
min. 


* ts(A) 
Address 
set-up 
time. 
The time prior to the start of the 


write 
pulse 
(H IGH-to-LOW 
edge) 
at which 
the 
correct 
write 


address 
must be on the address 
inputs. 
An address 
change 
later 


than 
*ts(AI max. may cause writing 
in two addresses. 


••th(A) 
Address 
hold time. The time following 
the end of the 


write 
pulse (LOW-to-HIGH 
transition) 
at which a new address 


may be applied. 
An address 
change 
earlier 
than 
*th(AI 
min. 


may cause writing 
into two addresses. 


tpd±(WE) 
The 
delay 
from a LOW-to-HIGH 
transition 
of the 


write enable 
to an active (but not necessarily 
correct) 
state on 


the 
data 
outputs. 
The 
correct 
state 
will be present 
after 
the 
write recovery 
time has elapsed. 


tpdo(WE) 
The delay from 
a HIGH-to-LOW 
transition 
on the 
write 
enable 
to a high impedance 
level on the data outputs, 
if 


the chip is selected. 


·System 
requirement. 
Parameters 
preceeded 
bv 
an asterisk 
are speci· 
fied as system 
forcing 
req uirements 
rather 
than 
device 
characteristics. 


In 
general, 
minimum 
system 
requirements 
result 
from 
maximum 
de- 


vice 
characteristics. 
Typical 
values 
are 
not 
meaningful 
for 
system 
requirements. 


MUST 
BE 
WILL 
BE 
STEADY 
STEADY 
-- 


MAV CHANGE 
WILL 
BE 


CHANGING 
FRDMH 
TDL 
FROM H TO l 


J[JJJJ 


MAY CHANGE 
WILL 
BE 


CHANGING 
FROM L TOH 
FROM L TO ~ 


JIlJf1 


DON'T CARE, 
CHANGING 


ANY CHANGE 
STATE 


PERMITTED 
UNKNOWN 


ltHR 


CENTER 


DOES NOT 
LINE IS HIGH 


APPLY 
IMPEOANCE 
"OFF"STATE 


Write 
Cycle Timing. 
The cycle is initiated 
by an address 
change. 
After 
*ts(A) 
min., the write 
enable 
may 
begin. 
The 
chip 
select 
must 
also be LOW for writing. 
Following 
the write 
pulse, 
*th(A) 
min. 
must 
be 
allowed 
before 
the address 
may be changed 
again. 
The output 
will be inactive 
(floating 
for the Am27S03) 


while 
the write 
enable 
is LOW. 
The three 
parameters 
ts(Al, 
th(A) 
and tpw(WE) 
apply 
to the condition 
CS LOW AND WE LOW. 


Switching 
delays from address and chip select inputs to the data output. 
For the Am27S03 
disabled 
output 
is "OFF", 
represented 
by a single center 
line. 
For the Am27S02, 
a disabled 
output 
is HIGH. 


~ 
V':-H, 
v,:;,n_ 
LYL1 
VI~ 


DRIVING 
DRIvEN 
DEVICE 
DEVICE 


JO 


~ 


28 
MINIMUM 
lOGIC 
" 


HIGWOUTPUT 
VOH1 
,. 
VOLTAGE 


---;"f,,~,:'!i~"7 
" 
t'2q~~__ 


VIH2 
> 
20 
NOISE 
MINIMUM 
LOGIC 
~ 
IMMUNITY 
HIGH'INPUT 
." 


IH,gh1ewe11 
VOLTAGE 
~"" 
" " 
Vll2 
z 
08 
MAXIMUM 
lOGIC V~~_~~~~C- 


MAXIMUM 
LOGIC 
§ 


0.6 
LOW" 
OUTPUT 
VOLTAGE 
"LOW" 
INPUT 
O' 
VOLTAGE 


0' 
NOISE 
IMMUNITY 
00 
llowl~n 


DRIVING 
OEVICE 


OUTPUT 
INPUT 
Vcc 


J 


1. 
The 
Am27S03 
output 
has active 
circuitry 
for 
both 
logic 
levels 
and r quires no external 
pull-up 
resistor. 


2. 
For a good DC noise margin with 
the Am3101A/27S02 
a pull-up 


resistor can be used. 
Limits 
of R in kn 
are given by 


Vcc 
- VOH 
required 
Vcc 
- VOL 
required 
------- 
> RL > ------- 


nlCEX 
+ NIIH 
IOL -NIIL 


Where n is number 
of OR tied outputs 


N is the number 
of TTL 
units 
loads driven. 


3. 
Address 
and 
data lines can be interchanged 
within 
their 
respec- 


tive 
g oups 
for 
ease of 
P. C. 
layout 
without 
effecting 
device 
operation. 


4. 
Since for a given pattern 
on the address lines reading and writing 
are 
performed 
on 
the 
same actual 
memory 
word, 
the 
address 
lines can be driven 
by 
any 
mixture 
of assertion 
or negation 
of 
the va iables making 
up the address field. 


Am27S02 
• Am27S03 


Am3101A 
LOADING 
RULES (In TTL Loads) 


Output 
Drive 


Input 
(Am27S03) 


Input/Output 
Pin 
No.'s 
Loading 
HIGH 
LOW 


AO 
.16 


cs 
2 
.16 


WE 
3 
.16 


DO 
4 
.16 


00 
5 
20 
10 


D1 
6 
.16 


01 
7 
20 
10 


GND 
8 


02 
9 
20 
10 


D2 
10 
.16 


03 
11 
20 
10 


D3 
12 
.16 


A3 
13 
.16 


A2 
14 
.16 


Al 
15 
.16 


VCC 
16 


A TTL 
unit 
load is -1.6mA 
at O.4V and 40l'A 
at 2.0V. 


The 
Am27S02 
has open collector 
outputs; 
the output 
drive 
in the 


HIGH 
state is determined 
by an external 
pull-up 
resistor. 
II 


TO 
SENSE 
AMPLIFIER 
AND 
OUTPUT 
BUFFER 


INPUTS 
OUTPUTS 
MODE 


CS 
WE 
Di 
(jiltn) 


H 
L 
L 
Off 
No Selection 


H 
L 
H 
Off 
No Selection 


H 
H 
X 
Off 
No Selection 


L 
L 
L 
Off 
Write 
'0' 


L 
L 
H 
Off 
Write 
'1' 


L 
H 
X 
Di(tn_x) 
Read 


H = HIGH 
Voltage 
Level 


L = LOW Voltage 
Level 
OFF = HIGH 
Impedance 


- 
I 
I 
I 
- 
AO 
A, 
A, 
A, 


- 
Am9301 
I/lOOfeOOER 


0 , , ,.,, 2 .9 
II IIi II 


r-- 


I 


I 
I 
I 
I 
b 
I 
b 
b 
b 


"CS 
DO 0, 
0, 
0, 
WE 
"CS 
00 
0, 
02 
OJ 
WE 
AOCS 
DO 
Dl 
02 
OJ 
WE 
"CS 
DO 
0, 
02 
OJ 
WE 


A, 
Aml1S02/J 
A, 
Am17S02/J 
A, 
Am21S02f3 
A, 
Am27S02fJ 
RAM 
RAM 
RAM 
RAM 
A, 
16W'x4B 
A, 
16Wx46 
A, 
16W •. 4B 
A, 
16W1I4B 


AJ 
00 0, 
02 03 
AJ 
00 01 02 03 
AJ 
00 0, 
02 03 
AJ 
00 
0, 
02 
OJ 
OAT 


r I? 
? ? ? ? 
? ? ? ? 
? ? ? ? 


DUTP 


I 
I 
I 
I 
1 


'-- 
- 
- 
~ 


I 
I 


1 
I 


I I I 
), 
I I I 
), 
I I I 
), 
I 
I 
), 


"cs 
00 0, 
02 
OJ 
WE - 
"CS 
DO 0, 
02 
0, 
WE r- "CS 
DO 
01 
D2 
OJ 
WE - 
AOCS 
DO 
01 0, 
OJ 
WE 


A, 
Am21S02/3 
-A, 
Am~~S32/3 
r- A, 
Am27S02/J 
-A, 
Am27S02/J 


A, 


RAM 


-A, 
I-- 
A, 
RAM 


-A, 
RAM 
16W,,48 
16W 
•. 4B 
16W,,4B 
16W,,4B 


AJ 
00 0, 
02 03 


-A, 
00 
01 
02 
03 
r- AJ 
00 01 02 03 


-A, 
00 0, 02 03 
IVCC--"-' 
y 
y 
y 
't 
? Y 
? ? 
? Y 
Y 't 
Y 
Y 
Y 
't 
I 
1 
I 
I 
I 
I 


I 
I 
I 
I 
1 
I 


I 
I 
I 
I 
I 
L______--l 


Am27S06 • Am27S07 


Non-Inverting 
Schottky 54-Bit Random Access Memories 


DISTINCTIVE 
CHARACTERISTICS 


• 
Fully 
decoded 
16-word 
x 4-bit 
Low-power 
Schottky 
RAMs 
• 
Ultra-hi9h 
speed: Address 
access time 
typically 
15ns 
• 
Low Power: 
ICC typically 
75mA 
• 
Internal 
ECL 
circuitry 
for 
optimum 
speed/power 
perfor- 
mance over voltage 
and temperature 


• 
Output 
preconditioned 
during 
write 
to 
eliminate 
write 


recovery 
gl itch 


• 
Available 
with 
three-state 
outputs 
(Am27S07) 
or with 
open 


collector 
outputs 
(Am27S06) 
• 
100% 
reliability 
assurance 
testing 
in 
compliance 
with 


MIL-STD-883 


• 
Electrically 
tested 
and 
optically 
inspected 
die 
for 
the 


assemblers of hybrid 
products 


DO 


00 


0, 


u 
~ 
0, 
~ 


>- 
0, 
! 
0, 
~ 


03 


03 


Open Collector 
Outputs 


Temperature 
Range 


O°C to +75°C 
O°C to +75°C 
_55°C 
to +125°C 
_55°C 
to +125°C 


Package 


Type 


Molded 
DIP 
Hermetic 
DIP 
Hermetic 
DIP 
Hermetic 
Flat Pak 


Order 


Number 


AM27S06APC 
AM27S06ADC 
AM27S06ADM 
AM27S06AFM 


Mold~d DIP 
Hermetic 
DIP 
Hermetic 
DIP 
Hermetic 
Flat Pak 


Th ree-State Outputs 


O°C to +7SoC 


O°C to +75°C 
_55°C 
to +125°C 
-55°C 
to +125°C 


AM27S07APC 
AM27S07ADC 
AM27S07ADM 
AM27S07AFM 


The 
Am27S06 
and 
Am27S07 
are 64-bit 
RAMs 
built 
using 
Schottky 


diode 
clamped 
transistors 
in conjunction 
with 
internal 
Eel 
circuitry 


and 
are 
ideal for use in scratch pad and high-speed 
buffer 
memory 
appli- 
cations. 
Each 
memory 
is organized 
as a fully 
decoded 
16-word 
memory 


of 4 bits 
per 
word. 
Easy 
memory 
expansion 
is provided 
by 
an active 


LOW chip 
select 
ICSI 
input 
and 
open 
collector 
OR 
tieable 
outputs 


IAm27S06) 
or three-state 
outputs 
IAm27S071. 
Chip selection 
for large 


memory 
systems 
can 
be 
controlled 
by 
active 
LOW 
output 
decoders 
such as the Am74S138. 


An active 
LOW Write 
line WE controls 
the writing/reading 
operation 
of 


the 
memory. 
When 
the chip select and write-lines 
are LOW 
the infor- 


mation 
on the four 
data inputs 
DO to 03 
is written 
into the addressed 
memory 
word 
and preconditions 
the output 
circuitry 
so that true data 


is present 
at 
the 
outputs 
when 
the 
write 
cycle 
is complete. 
This pre- 
conditioning 
operation 
insures minimum 
write 
recovery 
times 
byelim- 
inating the "write 
recovery 
glitch", 


Reading 
is performed 
with 
the chip select line 
LOW 
and the write 
line 


HIGH, 
The 
information 
stored in the addressed word 
is read out on the 


four 
non-inverting 
outputs 
00 
to 03. 


During 
the writing 
operation 
or when 
the chip select line is HIGH 
the 


four 
outputs 
of 
the 
memory 
go to an inactive 
high impedance 
state, 


CONNECTION 
DIAGRAM 


Top View 


AD 
vcc 


Os 
A, 


WE 
A, 


DO 
A3 


00 
03 


0, 
03 


0, 
0, 


GND 
a, 


Storage Temperature 


Temperature 
(Ambient) 
Under Bias 


Supply 
Voltage to Ground 
Potential 
(Pin 16 to Pin 8) 


DC Voltage Applied 
to Outputs 
for High Output 
State 


DC Input Voltage 


Output 
Current, 
Into Outputs 


DC Input Current 


_65° C to +150° C 


-55°C 
to +125°C 


-0.5V 
to +7V 


-0.5V 
to VCC max. 


-0.5V 
to +5.5V 


100mA 


-30mA 
to +5.0mA 


OPERATING 
RANGE 
Part No. 


Commercial 
Grade 
Am27S06APC, 
DC 
5.0V 
±5% 
O°C to +75°C 


Am27S07 APC, DC 


Military Grade 
Am27S06ADM, 
FM 
5.0V 
±10% 
_55°C 
to +125°C 


Am27S07ADM, 
FM 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE (Unless Otherwise 
Noted) 


D.C. 


Parameters 
Description 
Test Conditions 
Min. 


Typ. 


(Note 
1) 


VOH 
Output 
HIGH 
Voltage 
VCC = MIN, 
IOH = -5.2mA 
I COM'L 
2.4 
3.6 
Volts 
(Am27S07 
Only) 
VIN = VIH 
or VIL 
IOH - -2.0mA 
I MIL 


VOL 
Output 
LOW Voltage 


VCC - MIN., 
IOL = 16mA 
0.350 
0.45 
Volts 


VIN = VIH 
or VIL 
tOL = 20mA 
0.380 
0.5 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 


2.0 
Volts 


voltage 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
0.8 
Volts 


voltage 
for all inputs 


VCC = MAX., 
WE, °0.°3, 
AO-A3 
-0.015 
_250 
IlL 
Input 
LOW 
Current 
.250 
mA 


VIN = 0.40V 
CS 
-0.030 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN = 2.4V 
0.0 
10 
JiA 


ISC 
Output 
Short Circuit Current 
VCC = MAX_. VOUT = O.OV 
-20 
-45 
-90 
mA 
(Am29701 
Only) 


All 
inputs = GNO 
COM'L 
75 
100 


ICC 
Power Supply 
Current 
mA 


VCC = MAX. 
MIL 
75 
105 


Vc 
Input 
Clamp Voltage 
VCC - MIN., 
IIN - -18mA 
-0.850 
-1.2 
Volts 


VCS - VIH 
or VWE - VIL 
Am29700/01 
0 
40 
JiA 


ICEX 
Output 
Leakage 
Current 
VOUT = 2.4V 


VCS = VIH 
or VWE = VIL 
Am29701 
-40 
0 
I'A 
VOUT = O.4V, VCC = MAX. 


Input 


Data Output 
Status 
Function 


CE 
- 
00-3 
WE 


Lo~ 
Lo~ 
Write 
Output Disabled 


Low 
High 
Read 
Selected Word 


High 
Don't 
Deselect 
Care 
Output 
and 
Write 
Disabled 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless Otherwise 
Noted) 
COM'L 
A. C. 


Test Conditions 
Typ. 
(Note 1) 


MIL 


Min. 
Max. 


tpLH(A) 


Delay from 
Address 
to Output 
See Fig. 2 
22 
35 
50 
ns 


tpHL(A) 


tpZH(CS) 
Delay from 
Chip 
Select (LOW) 
to 
See Fig. 2 
14 
17 
25 
ns 
tpZL(CSI 
Active Output 
and Correct 
Data 


tpZH(WEI 
Delay from 
Write 
Enable 
(HIGH) 
to Active Output 
and Correct Data 
See Fig. 1 
19 
35 
50 
ns 
tPZL(WEI 
IWrite 
Recovery 
- 
See Note 21 


'slA) 
Set-up Time 
Address 
(Prior 
See Fig. 1 
-6.0 
0 
0 
ns 
to Initiation 
of Write) 


th(A) 
Hold 
Time 
Address 
(After 
See Fig. 1 
Fig. 3 test load 


Termination 
of Write) 
(measured 
to 
-2.5 
0 
0 
ns 


tslDI) 
Set-up Time 
Data Input 
(Prior to 
See Fig. 1 
output 
='1.5V) 
18 
25 
25 
ns 


Termination 
of Writel 


th(DI) 
Hold Time 
Data 
Input 
(After 
See Fig. 1 
-4.0 
0 
0 
ns 
Termination 
of Write) 


tpwlWEI 
Min. Write 
Enable 
Pulse Width 
to 
18 
25 
25 
Insure Write 
See Fig. 1 
ns 


tPHzICS) 
Delay from 
Chip Select 
(HIGHI 
to 
See Fig. 2 
13 
17 
25 
ns 


tPLZ(CSI 
Inactive 
Output 
IHI-ZI 


tPLZIWE) 
Delay 
from 
Write 
Enable 
(LOW) 


See Fig. 1 
15 
25 
35 
to Inactive 
Output 
(HI-Z) 
ns 


tpHZ(WE) 


Notes: 
1. Typj~allimits 
are at VCC = 5.QV and TA = 2SoC. 


2. Output 
Is preconditioned 
to data 
In during 
write 
to Insure 
correct 
data 
is present 
on all outputs 
when 
write 
is terminated, 
(No write 
recovery 
glitch) 


toIUST8E 
Will 
IE 
sn"'OT 
SHAOV 
- 


MAVCH","GE 
WILL 
BE 


FROMHTOL 
CH"'''ICING 


FROM 
H 
TO 
\ 


1IIJJJ 


M"'VCH""'C;E 
•••• 
'llIH 


FROM l TO •• 
CH"'''IG''''G 
FROM 
l 
TO •• 
- 


DON TC •••RE 
CH"'NGING 
A"'YCI-IANG( 
STAn 


PUIMITTED 
UNl<;NOWN 


H 


CENTER 
OQE$NOT 
LINE 1$ HIGH 
"PPlV 
IIoIPEO"NCE 
0" 
ST"TE 


Write 
Cycle Timing. 
The cycle 
is initiated 
by an address 
change. 
After 
ts(A) min., the write enable 
may 
begin. The chip select must also be LOW for writing. 
Following 
the write pulse, th(A) 
min. must be allowed 
before 
the address 
may be changed 
again. The output 
will be inactive 
(floating for the Am27S07) 
while the 
write enable is LOW. 


ADDRESS 
__ 
ADDRESS 3-------- ADDRESS 
k ------- 
----- 
ADDRESS 
I ------ 
1.5V 
AO_3 
I- 


r 
CS 
1.5V 


Switching 
delays 
from address and chip select inputs to the data output. 
For the Am27S07 
disabled 
output 
is "OFF", 
represented 
by a single center1ine. 
For the Am27S06, 
a disabled 
output 
is HIGH. 


Open Collector 
Am27S06 


51 is closed for 
all A. C. tests. 
Note that tPHZ(C5) 
and tPHZ(WE) 
parameters 
do not 
apply to 27506 
where disabled 
output 
is HIGH. 


Th ree·State 
Am27S07 


S,B 


~ 
CL'3Opfd-CJ 


~1 is closed for 
all A. C. tests 
except 
tPHZ(C5) 


and tPHZ 
(WE) where 


Sl is open and jig 
capacitance 
(CJ) is 
.;; 5pfd. 


AD 
'. 


VCC 
cs 
15 
A, 


14 
A, 


WE 
13 
A3 


DO 
03 
° 
0 
°3 


0, 
0, 


DIE SIZE 


0, 
7 
0, 
0.092" X 0.078" 


Am27S12 • Am27S13 
2048-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


• 
High Speed - 50ns max commercial range access time 
• 
Excellent performance over full MIL and commercial ranges 
• 
Highly 
reliable, 
ultra-fast 
programming 
Platinum-Silicide 
fuses 


• 
High programming yield 
• 
Low current PNP inputs 
• 
High current open collector and three-state outputs 
• 
Fast chip select 


• 
Access time tested with N2 patterns 
• 
Pin for pin replacements for industry standard products 
• 
Common 
Generic 
PROM series electrical 
characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S12 and Am27S13 are members of an Advanced 
PROM series incorporating 
common electrical characteristics 


and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively 
programmed 
to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming 
highly 
reliable Platinum-Silicide 
Fuse technology. 
Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed 
to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing 
to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide 
was selected 
as the fuse link material 
to 
achieve 
a well controlled 
melt rate resulting 
in large non- 
conductive 
gaps that ensure very stable long term reliabilty. 


Extensive 
operating 
testing 
has proven 
that this 
low-field, 


large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths 
regulated 
by a built-in 
temperature 
and voltage 
compensated 
bias network 
to provide 
excellent 
parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through 
all critical 
paths producing 
the fastest speeds 
possible from Schottky processed PROMs. 


Package 
Type 
Temperature 
Range 


Open Collectors 


DoCto +75°C 


- 55°C to + 125°C 
-55°C 
to +125°C 


Order 
Number 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 


AM27S12DC 
AM27S12DM 
AM27S12FM 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 


Three-State 
Outputs 


DoCto +75°C 


-55°C 
to +125°C 


-55°C 
to +125°C 


AM27S13DC 
AM27S13DM 
AM27S13FM 


FUNCTIONAL 
DESCRIPTION 


The Am27S12 and Am27S13 are high speed electrically pro- 
grammable 
Schottky 
read only memories. 
Organized 
in the 
industry standard 512 x 4 configuration, they are available in 
both open collector Am27S12 and three-state 
Am27S13 out- 
put versions. After programming, stored information is read on 
outputs 
00-03 
by applying 
unique 
binary 
addresses 
to 
Ao-As 
and holding the chip select input, CS, at a logic LOW. 
If the chip select input goes to a logic HIGH, 00-03 go to the 
off or high impedance state. 


Vcc = Pin 16 
GND = Pin B 


CONNECTION DIAGRAM 
Top View 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs (Except During Programming) 


DC Voltage Applied to Outputs During Programming 


Output Current into Outputs During Programming.(Max. 
Duration of 1 sec.) 


DC Input Voltage 


DC Input Current 


-65°C 
to + 150°C 


-55°C 
to +125°C 


-O.5V to +7.0V 


-O.5V to +Vcc 
max. 


21V 


200mA 


-O.5V to +5.5V 


-30mA 
to +5mA 


Am27S12XC, 
Am27S13XC 


Am27S12XM, 
Am27S13XM 


TA = O°C to +75°C 


TA = -55°C 
to +125°C 


Vcc 
= 5.0V 
±5% 


Vcc 
= 5.0V 
±10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE (Unless Otherwise Noted) 
PRELIMINARY 
DATA 


Typ. 


(Note 
1) 


VOH 
VCC = MIN., 
IOH = -2.0mA 


(Am27S13 
only) 
Output 
HIGH 
Voltage 
VIN = VIH 
or VIL 


2.4 
Volts 


VOL 
Output 
LOW Voltage 


VCC = MIN., 
IOL = 16mA 
0.45 
Volts 


VIN = VIH 
or VIL 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input logical 
HIGH 


2.0 
Volts 
voltage 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical LOW 
0.8 
Volts 
voltage for all inputs 


IlL 
Input LOW Current 
VCC = MAX., 
VIN = 0.45V 
-0.010 
-0.250 
mA 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN = 2.7V 
25 
j,lA 


II 
Input 
HIGH 
Current 
VCC = MAX., 
VIN = 5.5V 
1.0 
mA 


ISC 


Output 
Short 
Circuit 
Current 
VCC = MAX., 
VOUT 
= O.OV (Note 
21 
(Am27S13 
only) 
-20 
-40 
-90 
mA 


ICC 
Power Supply 
Current 
All 
inputs = GND 


100 
130 
mA 
VCC = MAX. 


VI 
Input 
Clamp 
Voltage 
VCC = MIN., 
IIN = -18mA 
-1.2 
Volts 


Va 
- 4.5V 
40 


ICEX 
Output 
Leakage Current 
VCC = MAX. 


Am27S13 
Va = 2.4V 
40 
j,lA 
VCS = 2.4V 
only 
Va = O.4V 
-40 


CIN 
Input 
Capacitance 
VIN 
- 2.0V 
@f 
- 
1 MHz 
(Note 
3) 
4 


COUT 
VOUT 
= 2.0V 
@f 
- 
1 MHz (Note 
3) 


pF 
Output 
Capacitance 
8 


Notes: 
1. Typical 
limits 
are at VCC = 5.0V 
and TA = 25°C. 


2. 
Not 
more than one output 
should be shorted at a time. 
Duration 
of the short circuit 
should not be more than one second. 


3. 
These parameters 
are not 100% tested, 
but are periodically 
sampled. 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 


PRELIMINARY DATA 


Typ 
Max 
5V 


Parameter 
Description 
Test Conditions 
25°C 
COM'L 
MIL 
Units 


tAA 
Address Access Time 
30 
50 
60 
ns 


tEA 
Enable Access Time 
AC Test Load 
15 
25 
30 
ns 
(See Notes 1-3) 
tER 
Enable Recovery Time 
15 
25 
30 
ns 


Notes: 
1. tAA is tested with switch S, closed and CL = 30pF. 
2. For open collector outputs, tEA and tER are tested with S, closed to the 1.5V output level. CL = 30pF. 
3. For three state outputs, tEA is tested with CL = 30pF to the 1.5V level; S, is open for high impedance 
to HIGH tests and closed for high 
impedance 
to LOW tests. tER is tested with CL = 5pF. HIGH to high impedance 
tests are made with S, open to an output vottage of VOH 


- 
0 5V; LOW to high impedance tests are made with S, closed to the VOL + 0.5V level. 


A~A83 


3.0Y 


1.5V 


ov 


I 
cs 
f 
~ 


1.5V 
I 
ov 
f--tAA--j 
~tER:J 
~tEA--1 


VOH 


O~3 
XXX! 
»»> =::~:oo~:v 
««< 


1.5V 


VOL 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 


MUSTBE 
WILL BE - 


DON'T CARE; 
CHANGING; 


ANY CHANGE 
STATE 
STEADY 
STEADY 
PERMITTED 
UNKNOWN 


H 


CENTER 
-- 


MAY CHANGE 
WILL BE 
DOESNOT 
LINE IS HIGH 
FROMH TO L 
CHANGING 
APPLY 
IMPEDANCE 


FROMH TO L 
"OFF" STATE 


JJJJff 


MAY CHANGE 
WILL BE 


FROML TO H 
CHANGING 
FROML TO H 


vcc~ 
s, 


The Am27S12 and Am27S13 are manufactured with a conduc- 
tive Platinum-Silicide 
link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS input 
from a logic HIGH to 15 volts. After 50 ILsec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 ILsec. Occasionally a link will be stronger and require addi- 
tional programming cycle. The recommended duration of addi- 
tional 
programming 
periods 
is 5 mse.c. If a link 
has not 


opened after a total elapsed programming time of 400 msec, 
further programming 
of the device should not be attempted. 


Successive links are programmed in the same manner until all 
desired 
bit locations 
have been programmed 
to the HIGH 


level. 


Typical current into an output during programming will be ap- 
proximately 
140mA until the fuse link is opened, after which 


PROGRAMMING 
PARAMETERS 
Parameter 


the current drops to approximately 40mA. Current into the CS 
pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming 
due to 


the large currents being passed. Programming 
cycles should 


not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially 
reading all 


words. Occasionally 
this verification 
will show that an extra 


undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming 
socket, that 


the input signal levels exhibit sufficient 
noise margins, and 


that the programming voltages are within the specified limits. 
All of these conditions 
must be maintained during program- 


ming. AMD PROMs are thoroughly 
tested 
to minimize 
un- 


wanted 
fusing; fusing extra bits is generally 
related to pro- 


gramming equipment problems. 


Vccp 
Vcc 
During Programming 
5.0 
5.5 
Volts 


VIHP 
Input HIGH Level During Programming 
2.4 
5.5 
Volts 


VILP 
Input LOW Level During Programming 
0.0 
0.45 
Volts 


Vcsp 
CS Voltage During Programming 
14.5 
15.5 
Volts 


Vop 
Output Voltage During Programming 
19.5 
20.5 
Volts 


VoNP 
Voltage on Outputs Not to be Programmed 
0 
Vccp+0.3 
Volts 


10NP 
Current into Outputs Not to he Programmed 
20 
mA 


d(Vop)/dt 
Rate of Output Voltage Change 
20 
250 
V/p.sec 


d(Vcs)/dt 
Rate of CS Voltage Change 
100 
1000 
V/p.sec 


Programming 
Period - 
First Attempt 
50 
100 
p'sec 
tp 
Programming Period - 
Subsequent Attempts 
5.0 
15 
msec 


Notes: 
1. All delays between edges are specified from completion of the first edge to beginning of the second edge; I.e., not to the midpoints. 
2. Delays 
tl, 
t2, t3 and t4 must be greater 
than 
100 ns; maximum 
delays of 1 p.sec are recommended 
to minimize 
heating 
during 
programming. 


3. During tv, a user defined 
period, the output being programmed 
is switched 
to the load R and read to determine 
if additional 
pulses 
are required. 
4. Outputs not being programmed 
are connected 
to VONP through resistor R which provides output current limiting. 


, 
OUTPUT" 
\..lE!!!f!.U_ 
VOL 
---·1 


PROGRAMMING 
EQUIPMENT 


Generic programming 
boards and device adapters are avail- 


able from the sources 
listed below. In each case, the pro- 


gramming 
oards are used in these manufacturer's 
automatic 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 


Am27S12 • Am27S13 
ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED 
UNITS 


Programmed devices may be purchased from your distributor 
or Advanced 
Micro 
Devices. 
The program 
data should 
be 


submitted i~ the form of a punched paper tape and must be 
accompanied 
by a written truth table. The punched tape can 


be delivered 
with your order or may be transmitted 
over a 
TWX machipe or time-sharing 
terminal. 
ASCII SPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the SPNF format is shown 
below. They can be punched on any Teletype<l!lor on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in 


the following format: 
a. Any characters, including carriage return and line feed, 


excep~ "S". 
b. The letter 
"S", 
indicating 
the beginning 
of the data 


word. 


c. A sequence of four Ps or Ns, starting with output 03, 
d. The letter "F", indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 


the letter "S". 


¢¢¢ 


¢¢2 


¢¢4 


¢¢6 


TYPICAL PAPER TAPE FORMAT 


BNNNPF 
WORDZERO® @ 


BPPNNF 
COMMENTFIELD ® @ 


BPPPNF 
ANY~@ 


BNNNI'lF 
TEX'I R)ill 


BNNNPF 
CAN R! 


BPPNNF 
GO R 
L 


~:~~ 
JIE.RE R @ 


BPPPii 
EN'D® @ 


programmers 
to program 
all AMD 
generic 
series 
bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 


Data I/O Corp 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 


909-1286-1 


Pro-Lo9 Corp. 
2411 Garden Road 
Monterey, Ca. 93940 


M900 and M920 


PM9058 


Truth tables are also acceptable, but are much less desirable 
especially 
for larger density 
PROMs. Submission 
of a truth 
table requires the generation of a punched paper tape at the 
distributor 
or factory 
resulting 
in longer lead times, 
greater 


possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefiX the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the S 
and the F except for the four Ps and Ns. If an error is made in 
a word, the entire word must be cancelled with rubouts back 
to the letter S, then the word re-typed beginning with the S. 


When TWXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


AS 
A7 
As 
As 
A4 
A3 
A2 
A, 
Ao 
°3 
02 
0, 
00 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
L 
L 


L 
L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
H 
L 


L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
H 


L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
H 
L 
L 


L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
L 
L 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


APPLYING THE Am27S12 AND Am27S13 


The Am27S12 and Am27S13 can be used with a high speed 
counter to form a pico-controJler for microprogrammed 
sys- 


tems. A typical application is illustrated below wherein a mul- 
tiplexer, under control of one of the PROMs, is continuously 
sensing 
the 
CONDITIONAL 
TEST 
INPUTS. 
When 
the 


selected condition occurs, a HIGH signal will result at the mul- 


tiplexer output causing a predetermined 
branch address to be 


loaded into the parallel 
inputs of the counters 
on the next 


clock pulse. The counter then accesses the preprogrammed 
data or control information 
sequence 
from the Am27S12 
or 


Am27S13 PROMs. 


00-3 
°0-3 


LOAD 
Am74S161 
TC 
CET 
Am74S161 
TC 


COUNTER 
COUNTER 


CP 
°0·3 
°0-3 


Am27S18 • Am27S19 
256-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


• 
High Speed - 4Dns max commercial range access time 
• 
Excellent performance over full MIL and commercial ranges 
• 
Highly 
reliable, 
ultra-fast 
programming 
Platinum-Silicide 


fuses 


• 
High programming yield 
• 
Low current PNP inputs 
• 
High current open collector and three-state outputs 
• 
Fast chip select 
• 
Access time tested with N2 patterns 
• 
Pin for pin replacements for industry standard products 
• 
Common 
Generic 
PROM series 
electrical 
characteristics 


and simple programming procedures. 


I 


GENERIC SERIES CHARACTERISTICS 


The Am27S18 
and Am27S19 are members of an Advanced 
PROM series incorporating 
common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively 
programmed 
to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts a~e fabricated with AMD's fast programming 
highly 
reliable Platinum-Silicide 
Fuse technology. 
Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed 
to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing 
to insure eX1remely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide 
was selected 
as the fuse link material to 
achieve 
a well controlled 
melt rate resulting 
in large non- 
conductive 
gaps that ensure very stable long term reliabilty. 


Extensive 
operating 
testing 
has proven 
that this 
low-field, 


large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths 
regulated 
by a built-in 
temperature 
and voltage 
compensated 
bias network 
to provide 
excellent 
parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through 
all critical 
paths producing 
the fastest 
speeds 
possible from Schottky processed PROMs. 


Package 
Type 
Temperature 
Range 


Open Collectors 


DoCto +75°C 
-55°C 
to +125°C 


- 55°C to + 125°C 


Order 
Number 


Hermetic DIP 
Hermetic DIP 


Hermetic Flat Pak 


AM27S18DC 
AM27S18DM 
AM27S18FM 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 


DoCto +75°C 


-55°C 
to +125°C 
-55°C 
to +125°C 


AM27S19DC 
AM27S19DM 
AM27S19FM 


FUNCTIONAL DESCRIPTION 


The Am27S18 and Am27S19 are high speed electrically pro- 
grammable 
Schottky 
read only memories. 
Organized 
in the 
industry standard 32 x 8 configuration, 
they are available in 
both open collector Am27S18 and three-state 
Am27S19 out- 


put versions. After programming, stored information is read on 
outputs 
00-07 
by applying 
unique 
binary 
addresses 
to 
Ao-A4 
and holding the chip select input, CS, at a logic LOW. 


If the chip select input goes to a logic HIGH, 00-07 
go to the 
off or high impedance state. 


Vcc 
= Pin 16 
GND = Pin 8 


CONNECTION 
DIAGRAM 
Top View 


Am27S18. 
Am27S19 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs (Except During Programming) 


DC Voltage Applied to Outputs During Programming 


Output Current into Outputs During Programming (Max. Duration of 1 sec.) 


DC Input Voltage 


DC Input Current 


- 65°C to + 150°C 


-55°C 
to +125°C 


-O.5V to + 7.0V 


-O.5V to +Vcc 
max. 


21V 


200mA 


-O.5V to +5.5V 


-30mA 
to. +5mA 


Am27S18XC, 
Am27S19XC 


Am27S18XM, 
Am27S19XM 


TA = O°C to +75°C 


TA = -55°C 
to +125°C 


Vcc 
= 5.0V 
±5% 


Vcc 
= 5.0V 
±10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE (Unless Otherwise Noted) 


PRELIMINARY 
DATA 


Typ. 


(Note 
1) 


VOH 
VCC = MrN., 
IOH = -2.0mA 


(Am27LS19 
only) 


Output 
HIGH 
Voltage 
VIN = VIH 
or VIL 
2,4 
Volts 


VOL 
Output 
LOW Voltage 
VCC = MIN., 
IOL 
- 16mA 
0,45 
Volts 
VIN = VIH 
or VIL 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 


2.0 
Volts 
voltage for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical 
LOW 
0.8 
Volts 
voltage for all inputs 


IlL 
Input 
LOW Current 
VCC = MAX., 
VIN = 0,45V 
-0.010 
-0.250 
mA 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN = 2.7V 
25 
"A 


II 
Input 
HIGH 
Current 
VCC = MAX., 
VIN = 5.5V 
1.0 
mA 


ISC 
Output 
Short 
Circuit 
Current 
VCC = MAX., 
VOUT 
= O.OV (Note 
2) 
-20 
-40 
-90 
mA 
(Ain27LS19 
only) 


ICC 
Power Supply 
Current 
All 
inputs = GND 


90 
115 
mA 
VCC = MAX. 


VI 
Input 
Clamp 
Voltage 
VCC = MIN.,IIN 
= -18mA 
-1.2 
Volts 


Vo = 4.5V 
40 


ICE X 
Output 
Leakage Current 
VCC = MAX. 


Am27LS19 
Vo = 2AV 
40 
"A 
Ves 
= 2,4V 


only 
Vo = OAV 
-40 


CIN 
Input 
Capacitance 
VIN 
- 2.0V 
@f 
- 1 MHz (Note 
3) 
4 


COUT 
Output 
Capacitance 
VOUT 
- 2.0V 
@f 
- 
1 MHz 
(Note 
3) 


pF 
8 


Notes: 
1. Typical 
limits 
are at VCC = 5.0V 
and TA 
= 25°C. 


2. 
Not 
more than one output 
should be shorted 
at a time. 
Duration 
of the short circuit 
should 
not be more than one second. 


3. 
These parameters 
are not 
100% tested, 
but periodically 
sampled. 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 


PRELIMINARY 
DATA 


Typ 
Max 


5V 


Parameter 
Description 
Test 
Conditions 
25°C 
COM'L 
MIL 
Units 


tAA 
Address Access Time 
25 
40 
50 
ns 


tEA 
Enable Access Time 
AC Test Load 
15 
25 
30 
(See Notes 1-3) 
ns 


tEA 
Enable Recovery Time 
15 
25 
30 
ns 


Notes: 
1. tAA is tested with switch S, closed and CL = 30pF. 
2. For open collector outputs, tEA and tEA are tested with S, closed to the 1.5V output level. CL = 30pF. 
3. For three state outputs, 
tEA is tested with CL = 30pF to the 1.5V level; S, is open for high impedance 
to HIGH tests and closed for high 
impe~ance 
to LOW tests. tEA is tested with CL = 5pF. HIGH to high impedance 
tests are made with S, open to an output voltage of VOH 


- 
0.5V; LOW to high impedance tests are made with S, closed to the VOL + 0.5V level. 


SWITCHING 
WAVEFORMS 


~A'3 


3.DY 


1.5V 


I 


ov 


cs 
f 
\ 


1.5Y 
I 
OV 
f---- IAA---1 
f--IER:J 
f--IEA-j 


XXX* 
»»> =::~::~:v ««< 


VOH 
0.-0, 
1.5V 


VOL 


Note: 
Level on output while CS is HIGH is determined 
extemally. 


BPM·021 


KEY 
TO TIMING 
DIAGRAM 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 


MUSTBE 
WILL BE 
-- 


DON'TCARE; 
CHANGING; 


STEADY 
STEADY 
ANY CHANGE 
STATE 


PERMITTED 
UNKNOWN 
-- 
H 


CENTER 


MAY CHANGE 
WILL BE 
DOESNOT 
LINE ISHIGH 


FROMH TO L 
CHANGING 
APPLY 
IMPEDANCE 
FROMH TO L 
"OFF" STATE 


lJJlJJ 


MAY CHANGE 
WILL BE 
FROML TO H 
CHANGING 
FROML TO H 


ACTEST 
LOAD 


VCC~O-- 


S1 
R1 
3000 


OUTPUT 


Clf 


R2 
6000 


-=- 


BPM-022 


II 


PROGRAMMING 


The Am27S18 and Am27S19 are manufactured with a conduc- 
tive Platinum-Silicide 
link at each bit location. The output of 


the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS input 
from a logic HIGH to 15 volts. After 50 p'sec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 p.sec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional 
programming 
periods 
is 5 msec. 
If a link has not 


opened after a total elapsed programming time of 400 msec, 
further programming 
of the device shoul~ not be attempted. 


Successive links are programmed in the same manner until all 
desired 
bit locations 
have been programmed 
to the HIGH 


level. 


Typical current into an output during programming will be ap- 
proximately 
140mA until the fuse link is opened, after which 


PROGRAMMING 
PARAMETERS 


Parameter 


the current drops to approximately 40mA. Current into the CS 
pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming 
due to 


the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip inclUding Vee should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially 
reading all 


words. Occasionally 
this verification 
will show that an extra 


undesired link has been fused. Should this occur, immediately 
check the programming 
equipment to make sure that all de- 


vice pins are firmly contacting the programming 
socket, that 


the input signal levels exhibit sufficient 
noise margins, 
and 


that the programming voltages are within the specified limits. 
All of these conditions 
must be maintained 
during program- 


ming. AMD PROMs are thoroughly 
tested 
to minimize 
un- 


wanted fusing; fusing extra bits is generally 
related to pro- 


gramming equipment problems. 


Veep 
Vee During Programming 
5.0 
5.5 
Volts 


V1HP 
Input HIGH Level During Programming 
2.4 
5.5 
vons 


V1LP 
Input LOW Level During Programming 
0.0 
0.45 
vons 


VesP 
CS Voltage During Programming 
14.5 
15.5 
vons 


VOP 
Output Voltage During Programming 
19.5 
20.5 
Volts 


VONP 
Vonageon OutputsNot to be Programmed 
0 
Veep+0.3 
Volts 


10NP 
Current into Outputs Not to be Programmed 
20 
mA 


d(Vop)/dt 
Rate of Output Voltage Change 
20 
250 
V/p.sec 


d(Ves)/dt 
Rate of CS Voltage Change 
100 
1000 
V/p.sec 


Programming Period - First Attempt 
50 
100 
p'sec 
tp 
ProgrammingPeriod - SubsequentAttempts 
5.0 
15 
msec 


Notes: 1. All delays betweenedges are specifiedfrom completionof the first edge to beginningof the secondedge; i.e., not to the midpoints. 


2. Delays t" 
t2' t3 and t4 must be greater than 100 ns; maximum delays of 1 p'sec are recommended to minimize heating during 
programming. 
3. During tv, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 
are required. 


4. Outputs not being programmed are connected to VONPthrough resistor R which provides output current limiting. 


va- 
VIHP 


A...- 
VllP 


- 
Ycsp 


\. 
OUTPUT 
,',' 
VOH 
UERIF!.JJ. 


>------PROGRAMMING 
CyCLE------1 
- 
VOL 


PROGRAMMING 
EQUIPMENT 


Generic programming 
boards and device adapters are avail- 
able from the sources 
listed below. In each case, the pro- 
gramming boards are used in these manufacturer's 
automatic 


PROGRAMMER 
MODEL(S) 


AMD 
GENERIC 
BIPOLAR 


PROM 
PERSONALITY 
BOARD 


Am27S18 
• Am27S19 


ADAPTERS 
AND 


CONFIGURATOR 


OBTAINING PROGRAMMED 
UNITS 


Programrrled devices may be purchased from your distributor 
or Advanced 
Micro Devices. 
The program 
data should 
be 


submitted in the form of a punched paper tape and must be 
accompa'lied 
by a written truth table. The punched tape can 


be delive/ed 
with your order or may be transmitted 
over a 


TWX machine or time-sharing 
terminal. 
ASCII BPNF is our 


preferred paper tape format. 


ASCII BPNF 


An exam Ie of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 32 words, starting with word 0, in the 


following format: 
a. Any characters, including carriage return and line feed, 


except "B". 
b. The letter 
"B", 
indicating 
the beginning 
of the data 


word. 
c. A sequence of eight Ps or Ns, starting with output 07, 
d. The letter "F", indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 


the letter "B". 


TYPICAL PAPER TAPE FORMAT 


¢¢¢ 
BPNPPNNNPF 
BPPPPPPNNF 
BNNNPPPPNF 
BNNNNNNNNF 
BPNNNNNNPF 
BNPPNPPNNF 
BPNNPPPNNF 


WORDZERO®@ 
~~i~FIELD®@ 
TEX'l 
R 
L 


CAN R 
L 


GO 
R 
L 


~ER@ 


EN·D®@ 
®. CARRIAGE 
RETURN 
(0. LINE 
FEED 


programmers 
to program 
all AMD generic 
series 
bipolar 


PROMs; individual adapters are required for each basic part 
type in the series. 


Data 
I/O Corp. 


P.O. 
Box 308 
Issaquah, 
Wash. 
98027 


Model 
5, 7 and 9 


909-1286-1 


Pro-Log 
Corp. 


2411 
Garden 
Road 
Monterey, 
Ca. 93940 


M900 
and 
M920 


PM9058 


Truth tables are also acceptable, but are much less desirable 
especially 
for larger density 
PROMs. Submission 
of a truth 


table requires the generation of a punched paper tape at the 
distributor 
or factory 
resulting 
in longer lead times, 
greater 


possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the eight Ps and Ns. If an error is made 
in a word, the entire word must be cancelled 
with rubouts 
back to the letter B, then the word re-typed beginning with the 
B. 


When TWXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (CS = LOW) 


A_ 
A3 
A2 
A, 
AD 
0, 
06 
Os 
0_ 
03 
02 
0, 
00 


L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 


L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 


L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 


H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 


H 
L 
H 
L 
H 
H 
L 
H 
H 
L 
L 


H 
H 
L 
H 
L 
L 
H 
H 
H 
L 
L 


_'_B'W_O_R_O_"_'_ r ~CR 


L ~ 
LLF 


OPTIONAL COMMENTS 
MAY BE INSERTED HERE 


The Am27S18 and Am27S19 PROMs may be used as code 
converters. 
Examples 
include 
conversion 
of hexadecimal, 


octal or BCD to seven segment display drive format. In many 
code conversion applications an extra PROM address input is 
available and may be used as a polarity control, blanking con- 


trol or code selector input. The use of a single Am27S18 or 
Am27S19 to convert the outputs of a binary counter to either 
excess three or gray code format is illustrated below. In this 
case both codes are generated 
in true and complemented 


form simultaneously. 


ADDRESS 
COMPLEMENT 
TRUE 


A4 A3 A2 A, Ao 
07 
06 
Os 04 
03 O2 0, 
00 


0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 


0 
0 
0 
0 
1 
1 
0 
1 
1 
0 
1 
0 
0 


0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
1 


0 
0 
0 
1 
1 
1 
0 
0 
1 
0 
1 
1 
0 
m 
)( 


0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
1 
1 
0 


0 
0 
1 
0 
1 
0 
1 
1 
1 
1 
0 
0 
0 
m 
VI 


0 
0 
1 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
VI 


0 
0 
1 
1 
1 
0 
1 
0 
1 
1 
0 
1 
0 
-l:I: 


0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
1 
1 
::u 


0 
1 
0 
0 
1 
0 
0 
1 
1 
1 
1 
0 
0 
m 
m 


0 
1 
0 
1 
0 
X 
X 
X 
X 
X 
X 
X 
X 
0 


0 
1 
0 
1 
1 
X 
X 
X 
X 
X 
X 
X 
X 
0 
C 
0 
1 
1 
0 
0 
X 
X 
X 
X 
X 
X 
X 
X 
m 


0 
1 
1 
0 
1 
X 
X 
X 
X 
X 
X 
X 
X 


0 
1 
1 
1 
0 
X 
X 
X 
X 
X 
X 
X 
X 


0 
1 
1 
1 
1 
X 
X 
X 
X 
X 
X 
X 
X 
- 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 


1 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 


1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 


1 
0 
0 
1 
1 
1 
1 
0 
1 
0 
0 
1 
0 


1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 


1 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
Q 


1 
0 
1 
1 
0 
1 
0 
1 
0 
0 
1 
0 
1 
::u 


1 
0 
1 
1 
1 
1 
0 
1 
1 
0 
1 
0 
0 
> 
-< 


1 
1 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 


1 
1 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
1 
0 


1 
1 
0 
1 
0 
0 
0 
0 
0 
1 
1 
1 
1 
C 
m 


1 
1 
0 
1 
1 
0 
0 
0 
1 
1 
1 
1 
0 


1 
1 
1 
0 
0 
0 
1 
0 
1 
1 
0 
1 
0 


1 
1 
1 
0 
1 
0 
1 
0 
0 
1 
0 
1 
1 


1 
1 
1 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 


1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 
0 
0 


Am27S20 • Am27S21 
1024-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


• 
High Speed - 45ns max commercial range access time 
• 
Excellent performance over full MIL and commercial ranges 
• 
Highly 
reliable, 
ultra-fast 
programming 
Platinum-Silicide 


fuses 
• 
High programming yield 
• 
Low current PNP inputs 
• 
High current open collector and three-state outputs 
• 
Fast chip select 
• 
Access time tested with N2 patterns 
• 
Pin for pin replacements for industry standard products 
• 
Common 
Generic 
PROM series electrical 
characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S2D and Am27S21 are members of an Advanced 
PROM series incorporating 
common electrical characteristics 


and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively 
programmed 
to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming 
highly 
reliable Platinum-Silicide 
Fuse technology. 
Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed 
to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing 
to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide 
was selected 
as the fuse link material to 
achieve 
a well controlled 
melt rate resulting 
in large non- 
conductive 
gaps that ensure very stable long term reliabilty. 
Extensive 
operating 
testing 
has proven 
that this 
low-field, 


large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated 
by a built-in 
temperature 
and voltage 
compensated 
bias network 
to provide 
excellent 
parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through 
all critical 
paths producing 
the fastest 
speeds 
possible from Schottky processed PROMs. 


Package 
Type 
Order 
Number 
Temperature 
Range 


Open Collectors 


DOCto +75°C 


-55°C 
to +125°C 


-55°C 
to +125°C 


Three-State Outputs 


DOCto +75°C 
-55°C 
to +125°C 


-55°C 
to +125°C 


AM27S21DC 
AM27S21DM 
AM27S21FM 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 


AM27S2DDC 
AM27S2DDM 
AM27S2DFM 


Hermetic DIP 
Hermetic DIP 
Hermetic Flat Pak 


FUNCTIONAL DESCRIPTION 


The Am27S2D and Am27S21 are high speed electrically pro- 
grammable 
Schottky 
read only memories. 
Organized 
in the 
industry standard 256 x 4 configuration, they are available in 
both open collector Am27S2D and three-state 
Am27S21 out- 
put versions. After programming, stored information is read on 
outputs 
00-03 
by applying 
unique 
binary 
addresses 
to 
Ao-A] 
and holding the chip select inputs, CS1 and CS2• at a 
logic LOW. If either chip select input goes to a logic HIGH, 
00-03 
go to the off or high impedance state. 


Vcc = Pin 16 


GND 
= Pin 8 


CONNECTION DIAGRAM 
Top View 


Am27S20 
• Am27S21 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 


DC Voltage Applied to Outputs (Except During Programming) 


DC Voltage Applied to Outputs During Programming 


Output Current into Outputs During Programming (Max. Duration of 1 sec.) 


DC Input Voltage 


DC Input Current 


-65°C 
to +150°C 


-55°C 
to +125°C 


-O.5V to +7.0V 


-O.5V to +Vcc 
max. 


21V 


200mA 


-O.5V to +5.5V 


-30mA 
to +5mA 


Am27S2DXC, 
Am27S21XC 


Am27S2DXM, 
Am27S21XM 


TA = D'C to +75'C 


TA = -55'C 
to +125'C 


Vcc 
= 5.DV ±5% 


Vcc 
= 5.DV ±1D% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE (Unless Otherwise Noted) 
PRELIMINARY 
DATA 


Typ. 
(Note 
1) 


VOH 
VCC = MIN., 
IOH = -2.0mA 


(Am27S21 
only) 
Output 
HIGH 
Voltage 
VIN = VIH 
or VIL 


2.4 
Volts 


VOL 
Output 
LOW Voltage 
VCC = MIN .• IOL = 16mA 
0.45 
Volts 
VIN = VIH 
or VIL 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical 
HIGH 
2.0 
Volts 
voltage for all inputs 


VIL 
I nput 
LOW Level 
Guaranteed 
input 
logical 
LOW 


0.8 
Volts 
voltage for all inputs 


IlL 
Input 
LOW Current 
VCC - MAX .• VIN = 0.45V 
-0.Q1 0 
-0.250 
mA 


IIH 
Input 
HIGH 
Current 
VCC - MAX .• VIN 
- 2.7V 
25 
I'A 


II 
Input 
HIGH 
Current 
VCC = MAX .• VIN = 5.5V 
1.0 
mA 


ISC 
Output 
Short 
Circuit 
Current 
VCC = MAX .• VOUT 
= O.OV (Note 
21 
-20 
-40 
-90 
mA 
(Am27S21 
only) 


ICC 
Power 
Supply 
Current 
All 
inputs = GND 
95 
130 
mA 
VCC = MAX. 


VI 
Input 
Clamp 
Voltage 
VCC = MIN., 
IIN = -18mA 
-1.2 
Volts 


Va 
- 
4.5V 
40 


ICEX 
Output 
Leakage 
Current 
VCC = 
MAX. 
Am27S21 
Va 
= 
2.4V 
40 
I'A 


VCS1 
= 
2.4V 
only 
Va 
= 
O.4V 
-40 


CIN 
Input 
Capacitance 
VIN = 2.0V 
@f 
= 1 MHz 
(Note 
31 
4 


COUT 
VOUT 
- 2.0V 
@f 
- 
1 MHz 
(Note 
3) 
8 


pF 
Output 
Capacitance 


Note 
1. Typical 
limits 
are at V cc = 5.QV 
and 
T A = 25° C 


2. 
Not 
more 
than 
one 
output 
should 
be shorted 
at a time. 
Duration 
of the 
short 
circuit 
should 
not 
be more 
than 
one 
second. 
3. These parameters are not 100% tested, but are periodically 
sampled. 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
PRELIMINARY DATA 


Typ 
Max 
5V 
Parameter I 
Description 
Test Conditions 
25°C 
COM'L 
MIL 
Units 


tAA 
Address Access Time 
25 
45 
60 
ns 


tEA 
Enable Access Time 
AC Test Load 
15 
20 
30 
(See Notes 1-3) 
ns 


tER 
Enable Recovery Time 
15 
20 
30 
ns 


Notes: 
1. tA,,\ is tested with switch S1 closed and Cl = 30pF. 
2. For open collector outputs, tEA and tER are tested with S1 closed to the 1.5V output level. Cl = 30pF. 
3. For three state outputs, 
tEA is tested with Cl = 30pF to the 1.5V level; S1 is open for high impedance 
to HIGH tests and closed for high 
impedance 
to LOW tests. tER is tested with Cl = 5pF. HIGH to high impedance 
tests are made with S1 open to an output voltage of VOH 


- 
0.5V; LOW to high impedance tests are made with S1 closed to the VOL + 0.5V level. 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 


MUSTBE 
Will 
BE - 


DON'TCARE; 
CHANGING; 


STEADY 
STEADY 
ANY CHANGE 
STATE 
PERMITTED 
UNKNOWN 
H 


CENTER 
-- 


MAY CHANGE 
Will 
BE 
DOESNOT 
LINE ISHIGH 
FROMH TO l 
CHANGING 
APPLY 
IMPEDANCE 
FROMH TO l 
"OFF" STATE 


JJJJJJ 


MAY CHANGE 
WILL BE 


FROMl TO H 
CHANGING 
FROMl TO H 


vcc~ 
Sl 


PROGRAMMING 


The Am27S20 and Am27S21 are manufactured with a conduc- 
tive Platinum-Silicide 
link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice. the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS1 input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS1 input 
from a logic HIGH to 15 volts. After 50 /LSec. the 20 volt sup- 
ply is removed. the chip enabled. and the output level sensed 
to determine if the link has opened. Most links will open within 
50 /losec.Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional 
programming 
periods 
is 5 msec. 
If a link has not 


opened after a total elapsed programming time of 400 msec. 
further programming 
of the device should not be attempted. 
Successive links are programm'ed in the same manner until all 
desired 
bit locations 
have been programmed 
to the HIGH 


level. 


Typical current into an output during programming will be ap- 
proximately 
140mA until the fuse link is opened. after which 


the current 
drops to approximately 
40mA. 
Current 
into the 


CS1 pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming 
due to 


the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded. all power 
to the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed. the data content 
of the memory should be verified by sequentially 
reading all 


words. Occasionally 
this verification 
will show that an extra 


undesired link has been fused. Should this occur. immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming 
socket, that 


the input signal 
levels exhibit sufficient 
noise margins, 
and 


that the programming voltages are within the specified limits. 
All of these conditions 
must be maintained 
during program- 


ming. AMD PROMs 
are thoroughly 
tested 
to minimize 
un- 


wanted fusing; fusing extra bits is generally 
related to pro- 


gramming equipment problems. 


Vccp 
Vee During Programming 
5.0 
5.5 
Volts 


V1HP 
Input HIGH Level During Programming 
2.4 
5.5 
Volts 


V1LP 
Input LOW Level During Programming 
0.0 
0.45 
Volts 


Vesp 
CS1 Voltage During Programming 
14.5 
15.5 
Volts 


Vop 
Output Voltage During Programming 
19.5 
20.5 
Volts 


VoNP 
Voltageon OutputsNot to be Programmed 
0 
Veep+0.3 
Volts 


10NP 
Current into Outputs Not to be Programmed 
20 
mA 


d(Vop)/dt 
Rate of Output Voltage Change 
20 
250 
V//-,sec 


d(Ves)/dt 
Rate of CS1, Voltage Change 
100 
1000 
V//-,sec 


Programming Period - First Attempt 
50 
100 
/-,sec 
tp 


ProgrammingPeriod - SUbsequentAttempts 
5.0 
15 
msec 


Notes: 1. All delays betweenedges are specifiedfrom completionof the first edge to beginningof the secondedge; i.e., not to the midpoints. 
2. Delays t1' t2' t3 and t4 must be greater than 100 ns; maximum delays of 1 /-,sec are recommended to minimize heating during 
programming. 


3. During tv. a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 
are required. 


4. Outputs not being programmed are connected to VONP through resistor R which provides output current limiting. 


A~~:~ 
=XI 


CS1 


ENABLE J, 


PROGRAMMING 
EQUIPMENT 


Generic programming 
boards and device adapters are avail- 


able from the sources 
listed below. In each case, the pro- 


gramming boards are used in these manufacturer's 
automatic 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 


Am27S20 • Am27S21 
ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced 
Micro 
Devices. 
The program 
data should 
be 


submitted in the form of a punched paper tape and must be 
accompanied 
by a written truth table. The punched tape can 


be delivered 
with your order or may be transmitted 
over a 


TWX machine or time-sharing 
terminal. 
ASCII BPNF is our 


preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 256 words, starting with word 0, in 


the following format: 
a. Any characters, 
including carriage return and line feed, 
except "B". 


b. The letter 
"B", 
indicating 
the beginning 
of the data 


word. 


c. A sequence 
of four Ps or Ns, starting with output Oa. 


d. The letter "F", indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 


the letter "B". 


TYPICAL PAPER TAPE FORMAT 


¢¢¢ 
BNNNPF 
WORD ZERO® 
~ 


BPPNNF 
COMMENT FIELD 
R 
@ 
¢¢2 
BPPPNF "Yi~ 
BNNmlF 
TEXT 
R 
L 


¢¢4 
BNNNPF 
CAJI 
~ 
BPPNNF 
GO R 
L 


¢~6 
BPPNNF 
HE.RE R 
@ 
. 
....... 
EN'D®@ 
255 
BPPPNF 


programmers 
to program 
all AMD 
generic 
series 
bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 


Data I/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 


909-1286-1 


Pro-Log Corp. 
2411 Garden Road 
Monterey, Ca. 93940 


M900 and M920 


PM9058 


Truth tables are also acceptable, but are much less desirable 
especially 
for larger density 
PROMs. Submission 
of a truth 
table requires the generation of a punched paper tape at the 
distributor 
or factory 
resulting 
in longer lead times, 
greater 


possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the four Ps and Ns. If an error is made in m 


a word, the entire word must be cancelled with rubouts back 
to the letter B, then the word re-typed beginning with the B. 


When TWXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (CS1 & CS2 = LOW) 


A7 
As 
As 
A4 
Aa 
A2 
A, 
Ao 
°a 
02 
0, 
00 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
L 
L 


L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
H 
L 


L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 


L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
H 


L 
L 
L 
L 
L 
H 
L 
H 
H 
H 
L 
L 


L 
L 
L 
L 
L 
H 
H 
L 
H 
H 
L 
L 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


Typical application of the Am27S20!21 
is shown below. The 


Am27S20!21 's are employed as mapping ROMs in a micro- 
program computer control unit. The eight-bit macroinstruction 
from 
main memory 
is brought 
into the AO-7 
inputs of the 


mapping ROM array. The instruction is mapped into a 12-bil 
address space with each PROM output supplying 4 bits. The 
12 bits of address are then supplied to the "D" inputs of the 
Am2910 as a possible next address source for microprogram 


memory. The MAP output of the Am2910 is connected to the 
CS, input of the Am27S20!21 such that when the CS, input is 
HIGH, the outputs of the PROMs are either HIGH in the case 
of the Am27S20 or in the three-state mode in the case of the 
Am27S21. In both cases the CS2 input is grounded, thus data 
from 
other 
sources 
are free ·to drive 
the 
D inputs 
of the 


Am2910 when MAP is HIGH. 


" 
·l 
" 
As 
- 
A, 


A, 


AJ 
0. 


A, 
Am27S20 
0, 
OR 


As 
Am27S21 
0, 


A. 
OJ 


A, 


cs, 
["os, 


- 
0. 
--- 


As 
-0, 
-e-- 
A, 
0, 


A, 
OJ 


AJ 
0. 
0, 
Am2910 


A, 
Am27S20 
0, 
Os 
-¥- 
OR 
YO-l1 
AS 
Am27S21 
0, 
0. 


A. 
OJ 
0, 


A, 
0. 


CS, 
0, 
f 
CSz 
- 
0" 
- 
0" 


MAP 
- 
A. 
- 
A, 


A, 


AJ 
0. 


A, 
Am27S20 
0, 
OR 


AS 
Am27S21 
0, 


As 
OJ 


A,. 


CS, 


-:r 
~2 


MACRO 
I 
INSTRUCTION 


OFCODE 
I 


Am27S25 
4096-Bit 
Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


• 
On chip 
edge 
triggered 
registers 
- 
Ideal 
for pipe lined 


microprogrammed 
systems 


• 
Versatile 
synchronous 
and asynchronous 
enables 
for 


simplified 
word 
expansion 


• 
Buffered 
common 
asynchronous 
PRESET 
and CLEAR 
inputs 


• 
Space 
saving 
24-pin 
package 
with 
300 
mil lateral 
centers 


• 
Predetermined 
OFF 
outputs 
on power-up 


• 
Fast 
59ns 
address 
setup 
and 20ns 
clock 
to output 
times 


• 
Excellent 
performance 
over 
the military 
range 


• 
Performance 
pretested 
with 
N2 patterns 


• 
Highly 
reliable, 
ultra-fast 
programming 
Platinum-Silicide 
fuses 


• 
High 
programming 
yield 


• 
Low 
current 
PNP 
inputs 
• 
High 
current 
three-state 
outputs 


• 
Common 
Generic 
PROM 
Series 
characteristics 
and 


programming 
procedures 


BLOCK DIAGRAM 


COLUMN 
TEST 
RAIL 


...• 


As 
;;: 
II: 


A, 


64 X 64 
t- 


PROGRAMMABLE 
<I)w 


At; 
1 OF 64 
ARRAY 
t- 


ROW 
;0 


A, 
DECODER 
0 
II: 


A, 
TE$TWORO 
0 


A3 


A2 


A, 


Ao 


Ps 


CP 


CLR 


8-BIT 
EDGE-TRIGGERED 
REGISTER 


The Am27S25 
is an electrically 
programmable 
Schottky TTL read only 


memory incorporating 
true D-type, master-slave 
data registers on chip. 


This device features the versatile 512 word by 8 bit organization 
and is 


available 
in the three-state 
Am27S25 
output version. 
Designed 
to op- 


timize system performance, 
this device also substantially 
reduces the 


cost and size of pipelined microprogrammed 
systems and other designs 


wherein 
accessed 
PROM data is temporarily 
stored in a register. The 


Am27S25 also offers maximal flexibility for memory expansion 
and data 


bus control 
by providing 
both synchronous 
and asynchronous 
output 
enables. 


When vcc 
power is first applied, the synchronous enable (E2)flip-flop will 


be in the set condition causing the outputs, 00-07, to be in the OFF or high 
impedance 
state. Reading data is accomplished 
by first applying 
the 


binary word address to the address inputs, Ao-As, and a logic LOW to the 
synchronous 
output enable, E2. During the address setup time, stored 
data is accessed and loaded into the master flip-flops of the data register. 
Since the synchronous 
enable setup time is less than the address setup 


requirement, 
additional 
decoding 
delays may occur in the enable path 


without 
reducing 
memory 
performance. 
Upon the next LOW-to-HIGH 


transition of the clock, CP, data is transferred to the slave flip-flops which 
drive the output buffers. Providing the asynchronous 
enable, E" 
is also 


LOW, stored data will appear on the outputs, 00-07, 
IfE2 is HIGH when 


the positive clock edge occurs, outputs go to the OFF or high impedance 
state. The outputs may be disabled at any time by switching E, to a HIGH 
level. Following the positive clock edge, the address and synchronous 
enable inputs are free to change; changes do not affect the outputs until 
another positive clock edge occurs. This unique feature allows the PROM 
decoders 
and sense amplifiers to access the next location while previ- 


ously addressed data remains stable on the outputs. 
For less complex 


applications 
either enabie may be effectively 
eliminated 
by tying it to 


ground. 


The on-chip, edge triggered 
register simplifies 
system timing since the 


PROM clock may be derived directly from system clock without introduc- 
ing dangerous 
race conditions. 
Other register timing requirements 
are 


similar 
to those 
of standard 
Schottky 
registers 
and are easily 
im- 
plemented. 


The Am27S25 has buffered asynchronous 
PRESET and CLEAR inputs. 


These functions are common to all registers and are useful during power 
up timeout sequences. With outputs enabled the PS input asserted LOW 
will cause all outputs to be set to a logic 1 (HIGH) state. When the CLR 
input is LOW, the internal flip-flops of the data register are reset and, a 
logic 0 (LOW) will appear on all outputs. These functions will control the 
state of the data register, independent of all other inputs but exclusive of 
each other. 


BPM·071 
00 
a, 
02 
03 
a, 
a, 
a. 
a, 


LOGIC SYMBOL 
CONNECTION DIAGRAM - 
Top View 


23 
vcc 
As 
PS 
E, 
ClR E2 
CP a, 
a. 
as 
a, 
03 


21 


19 
18 
22 
20 


Vcc = Pin 24 
A, 
A. 
As 
A, 
A3 
A2 
A, 
Ao 
00 
a, 
Q2 
GND 


10 
11 
13 ,. 
15 
16 
17 
BPM·072 
GND = Pin 12 
BPM·073 
Note: 
Pin 1 is marked for orientation. 
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GENERIC SERIES CHARACTERISTICS 


The Am27S25 is a member of an Advanced PROM series incor- 
porating 
common 
electrical 
characteristics 
and programming 


procedures. All parts in this series are produced with a fusible 
link at each memory location storing a logic LOW and can be 
selectively programmed to a logic HIGH by applying appropriate 
voltages to the circuit. 


All parts are fabricated with AMD's fast programming highly reli- 
able Platinum-Silicide 
Fuse technology. 
Utilizing 
easily 
im- 


plemented programming (and common programming personality 
card sets) these products can be rapidly programmed to any 
customized pattern. Extra test words are pre-programmed during 
manufacturing to insure extremely high field programming yields, 
and produce excellent parametric correlation. 


Platinum-S:licide 
was selected 
as the fuse link material 
to 


achieve 
a well controlled 
melt rate resulting 
in large non- 
conductive 
gaps that ensure very stable long term reliability. 


Extensive operating testing has proven that this low-field, large- 
gap technology offers the best reliability for fusible link PROMs. 


Common design features include active loading of all critical AC 
paths regulated by a built-in temperature and voltage compen- 
sated bias network to provide excellent parametric performance 
over MIL supply and temperature 
ranges. Selective feedback 
techniques have been employed to minimize delays through all 
critical 
paths 
producing 
the fastest 
speeds 
possible 
from 


Schottky processed PROMs. 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 


DC Voltage Applied to Outputs (Except During Programming) 


DC Voltage Applied to Outputs During Programming 


Output Current into Outputs During Programming (Max. Duration of 1 sec.) 


DC Input Voltage 


DC Input Current 


AM27S25XC 


AM27S25XM 


TA = 0 to 75'C 


Tc = -55 to +125'C 


- 65°C to + 150°C 


-55°C 
to +125°C 


-O.5V to +7.0V 


-O.5V to +Vee max. 


21V 


200mA 


-O.5V to +5.5V 


-30mA 
to +5mA 


Vcc = 5.0V :!:5% 


Vcc = 5.0V :!:10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ 


(Note 1) 


VOH 
Output HIGHVo~age 
Vee = MIN., IOH= -2.0mA 
2.4 
Vo~s 
V1N= V1Hor VIL 


VOL 
Output LOWVo~age 
Vee = MIN., IOL= 16mA 
0.38 
0.50 
Vo~s 
VIN = VIH or V1L 


V1H 
InputHIGH Level 
Guaranteedinput logicalHIGH 
2.0 
Volts 
voltagelor all inputs 


V1L 
Input LOW Level 
Guaranteedinput logicalLOW 
0.8 
Volts 
voltagelor all inputs 


IlL 
Input LOWCurrent 
Vee = MAX.,VIN = 0.45V 
-0.010 
-0.250 
mA 


IIH 
Input HIGHCurrent 
Vee = MAX.,V1N= 2.7V 
25 
p.A 


II 
Input HIGHCurrent 
Vee = MAX.,V1N= 5.5V 
1.0 
mA 


Isc 
Output ShortCircuitCurrent 
Vee = MAX.,VOUT= O.OV(Note2) 
-20 
-40 
-90 
mA 


Ice 
PowerSupplyCurrent 
All inputs = GND 
130 
185 
mA 
Vee = MAX. 


VI 
InputClampVo~age 
Vee = MIN., IIN = -18mA 
-1.2 
Vo~s 


Vo = 4.5V 
100 


leEx 
Output LeakageCurrent 
Vee = MAX. 
Vo = 2.4V 
40 
p.A 


VEl = 2.4V 
Vo = 0.4V 
-40 


C1N 
InputCapacitance 
V1N= 2.0V @ f = 1MHz(Note3) 
5 


COUT 
Output Capacitance 
VOUT= 2.0V @ f = 1MHz(Note3) 


pF 


12 


Notes: 1. Typical limits are at Vee = 5.0V and TA = 25°C. 


2. Not more than one output shouldbe shortedat a time. Duration01the shortcircuit shouldnot be morethan one second. 
3. These parametersare not 100%tested, but are periodicallysampled. 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
PRELIMINARY 
DATA 
TA = 25°C 


Vcc = 5.0V 


Typ 


COM'L 


Min 
Max 


MIL 


Min 
Max 
Units 


ts(A) 
Address to CP (HIGH) setup Time 
35 
ns 


tH(A) 
Address to CP (HIGH) Hold Time 
-15 
ns 


tpHdCP) 
Delay from CP (HIGH) to Output 
15 
ns 
tpLH(CP) 
(HIGH or LOW) 


tWH(CP) 
CP Width (HIGH or LOW) 
10 
ns 
twdCP) 


ts(Ez) 
Ez to CP (HIGH) setup Time 
CL = 30pF 
~--:;wr 
ns 


Sl closed. 


~1~ 
tH(Ez) 
Ez to CP (HIGH) Hold Time 
(See AC Test 
.••• 
ns 


tpLH(PS) 
Delay from PS (LOW) to Output (HIGH) 
Load 
0 
~ ~ 
17 
ns 


tpHdCLR) 
Delay from CLR (LOW) to Output (LOW) 
\~~ 


17 
ns 


twdPS) 
PRESET Pulse Wid1h (LOW) 
•• 
" 
10 
ns 


twdCLR) 
CLEAR Pulse Width (LOW) 
~\ 
~' 
10 
ns 


ts(PS) 
PS Recovery (Inactive) to 
12 
ns 


ts(CLR) 
CLR Recovery (Inactive) to ~ock 
(HIGH) 
12 
ns 


tpzdCP) 
Delay from CP (HIGH) to Active Output 
CL = 30pF 
22 
ns 
tpZH(CP) 
(HIGH or LOW) 
Sl is closed for tpzL 


tpZdEl) 
Delay from E1 (LOW) to Active Output 
and open for tpZH 
22 
ns 
tpZH(E1) 
(HIGH or LOW) 


tpLZ(CP) 
Delay from CP (HIGH) to Inactive Output 
CL = 5pF (Note 1) 
22 
ns 
tpHZ(CP) 
(OFF or high Impedance) 


tpLZ(~) 


Sl closed for tpLZ 
Delay from E1 (HIGH) to Inactive Output 
and open for tpHz 
22 
ns 
tpHZ(E1) 
(OFF or high Impedance) 


Notes: 
1. tpHZ and tpLZ are measured to the VOH - 0.5V and VOL + 0.5V output levels respectively. 
All other switching parameters are tested from and 


to the 1.5V threshold 
levels. 
2. Tests are performed 
with input 10 to 90% rise and fall times of 5ns or less. 


,V 


_________ 
1.5V 


ov 


VOH 


-1.5V 


VOL 
::~:~~~H 


l, 
I 


~ 


f---'si1'Sl.tS(CLOI 
IwdPS) 
_. 
'v 


PSORCLA 
twLlCLA) 
t.5V 


------------------------------------- 
OV 


'V 
------uv 


ov 


VCC=T1~ 


51 


0' 
30011 


OUTPUT 


CL 
R2 
I 
7 
00011 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEfORM 
INPUTS 
OUTPUTS 


MUST BE 
Will 
BE JJJJll. 


DON'TeARE; 
CHANGING; 


STEADY 
STEADY 
ANY CHANGE 
STATE 


PERMITTED 
UNKNOWN 


~ 


Will 
BE 
]HE 


CENTER 


MAY 
CHANGE 
oaES NOT 
LINE 
tS HIGH 


FROM 
H TO 
L 
CHANGING 
APPLY 
IMPEDANCE 


FROM 
H TO 
l 
"OFf" 
STATE 


lJJJJJ 


MA.YCH.A.NGE 
Will 
BE 


FROMLTOH 
CHANGING 
FROM 
L TO 
H 
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Vccp 
Vcc During Programming 
5.0 
5.5 
V 


V1HP 
Input HIGH Level During Programming 
2.4 
5.5 
V 


V1LP 
Input LOW Level During Programming 
0.0 
0.45 
V 


VENP 
E, Voltage During Programming 
14.5 
15.5 
V 


Vop 
Output Voltage During Programming 
19.5 
20.5 
V 


VoNP 
Voltage on Outputs Not to be Programmed 
0 
Vccp+0.3 
V 


10NP 
Current into Outputs Not to be Programmed 
20 
mA 


d(Vop)/dt 
Rate of Output Voltage Change 
20 
250 
V//Lsec 


d(VEN)/dt 
Rate of E, Voltage Change 
100 
1000 
V//Lsec 


Programming Period - First Attempt 
50 
100 
/Lsec 
tp 
Programming Period - Subsequent Attempts 
5.0 
15 
msec 


PROGRAMMING 


The Am27S25 
is manufactured 
with a conductive 
Platinum- 
Silicide link at each bit location. The output of the memory with 
the link in place is LOW. The fusible links are opened one at a 
time by passing current through them from a 20 volt supply 
which is applied to the memory output after the E, input is at a 
logic HIGH. Current is gated through the addressed fuse by 
raising the E, input from a logic HIGH to 15 volts. After 50 /Lsec, 
the 20 volt supply is removed, the chip is enabled and the CP 
input is clocked. Each data verification a«-empt must be pre- 
ceded by a positive going (LOW-to-HIGH) clock edge to load the 
array data into the on-chip register. The output level is then 
sensed to determine if the link has opened. Most links will open 
within 50 !-,sec. Occasionally a link will be stronger and require 
additional programming cycles. The recommended duration of 
additional 
programming 
periods is 5 msec. If a link has not 
opened after a t01al elapsed programming tiine of 400 msec, 
further programming 
of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH level. 


Typical current into an output during programming will be approx- 
imately 140mA until the fuse link is opened, after which the 


current drops to approximately 
40mA. Current into the E, pin 


when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to the 
large currents being passed. Programming cycles should not be 
continuously applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power to 
the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content of 
the memory should be verified by clocking and reading all words. 
Occasionally this verification will show that an extra undesired 
link has been fused. Should this occur, immediately check the 
programming equipment to make sure that all device pins are 
firmly contacting the programming socket, that the input signal 
levels exhibit sufficient noise margins, and that the programming 
voltages are within the specified limits. All of these conditions 
must be maintained 
during programming. 
AMD PROMs are 


thoroughly tested to minimize unwanted fusing; fusing extra bits 
is generally related to programming equipment problems. 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
2. Delayst, throught6 mustbegreaterthan 100ns; maximumdelaysof 1/Lsecare recommendedto minimize heatingduring programming. 
3. During tv, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses are 
required. 


4. Outputs not being programmed are connected to VoNP through resistor R which provides output current limiting. 
5. PS and CLR must be connectedto V1HPduring programming. 


Generic programming 
boards and device adapters are avail- 
able from the sources 
listed below. 
In each case, the pro- 
gramming boards are used in these manufacturer's 
automatic 


programmers 
to program 
all AMD 
generic 
series 
bipolar 


PROMs; individual adapters are required for each basic part 
type in the series. 


Data 110 Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 


909-1286-1 


Pro-Log Corp. 
2411 Garden Road 
Monterey, Ca. 93940 


M900 and M920 


PM9058 


PROGRAMMER 
MODEL(S) 


AMD GENERIC BIPOLAR 
PROM PERSONALITY 
BOARD 


Am27S25 
ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED 
UNITS 


Programmed devices may be purchased from your distributor or 
Advanced Micro Devices. The program data should be submitted 
in the form of a punched paper tape and must be accompanied by 
a written truth table. The punched tape can be delivered with your 
order or may be transmitted over a TWX machine or time-sharing 
terminal. ASCII BPNF is our preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown below. 
They can be punched on any Teletypel!>or on a TWX or Telex 
machine. The format chosen provides relatively good error detec- 
tion. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in the 
following format: 
a. Any characters, including carriage return and line feed, 
except "B". 


b. The letter "B", indicating the beginning of the data word. 
c. A sequence of eight Ps or Ns, starting with output Q7' 
d. The letter "F", indicating the finish of the data word. 
e. Any ~ext,including carriage return and line feed, except the 
letten "B". 


TYPICAL PAPER TAPE FORMAT 


¢¢¢ 
BPNPPNNNPF 
WORDZERO® ~ 


¢¢2 i= ~~i!: 
iLIELD 
R ® 


¢¢4 
BPNNNNNNPF 
CAN R 
L 
BNPPNPPNNF 
GO R 
L 


¢~6 
~:~::~~ 
RERE 
R ® 


511 
BNNNNppPiW 
EN-D® @ 


@=CARRIAGE 
RETURN 


CD= LINE FEED 


Truth tables are also acceptable, however, much less desirable 
especially for larger density PROMs. Submission of a truth table 
requires the gener<!tion of a punched paper tape at the distributor 
or factory resulting in lOnger lead times, greater possibility of 
error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the word 
(or every few words) with the word number, then type the data 
word, then a comment, then carriage return and line feed as 
shown below. There must be no characters between the Band 
the F except for the eight Ps and Ns. If an error is made in a word, 
the entire word must be cancelled with rubouts back to the letter 
B, then the word re-typed beginning with the B. 


When TWXing your tape, be sure the tape is in even parity. Parity 
is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE 
(E1AND E2 LOW, PS AND CLR HIGH) 


AS A7 
As As A4 
A3 A2 
A1 Ao 
Q7 Qs Qs Q4 Q3 Q2 Q1 Qo 


L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
L 
L 
H 
H 
H 
L 
L 


L 
8 ·P'. OR'N'. 
LF 


OPTIONAL COMMENTS 
MAY BE INSERTED HERE 


APPLYING THE Am27S25 IN BIPOLAR 
MICROCOMPUTERS 


With the advent of the Am2901 and Am2903 4-bit micropro- 
cessor 
slices, the Am2910 bipolar microprogram 
sequencer 


and the Am27S25 registered PROM, the design engineer can 
upgrade the performance of existing systems or implement new 
system taking advantage of the latest ~tate-of-the-art technology 
in Low-Power Schottky integrated circuits. These devices, how- 
ever, utilize a new concept in machine design not familar to 
many 
design 
engineers. 
This 
technique 
is 
called 


microprogramming. 


Basically, a microprogrammed machine is one in which a coher- 
ent sequence of microinstructions 
is used to execute various 


commands required by the machine. If the machine is a com- 
puter, each sequence of microinstructions can be made to exe- 
cute a machine instruction. All of the lillie elemental tasks per- 
formed by the machine in executing the machine instruction are 
called microinstructions. The storage area for these microinstruc- 
tions is usually called the microprogram memory. 


I: 


I 


I 


--------------------A;;m-l 


I 


I 


I 


I 


I 


I 


I 


I 


--~--=:I 


I 


I 


~ 


NEXT ADDRESS 
MULTIPLEXER 
OUTPUT 


1------ 


I 


L_ 


TO 
Am2901 OR 
Am2903, 
ETC. 


APPLYING THE Am27S25 IN BIPOLAR 
MICROCOMPUTERS 
(Cont.) 


A microinstruction usually has two primary parts. These are: (1) 
the definition and control of all elemental micro-operations to be 
carried out and (2) the definition and control of the address of the 
next microinstruction to be executed. 


The definition of the various micro-operations to be carried out 
usually includes such things as ALU source operand selection, 
ALU function, ALU destination, carry control, shift control, inter- 
rupt control, data-in and data-out control, and so forth. The defi- 
nition of the next microinstruction function usually includes iden- 
tifying the source selection of the next microinstruction address 
and, in some cases, supplying the actual value of that micro- 
instruction address. 


Microprogrammed 
machines 
are usually distinquished 
from 


non-microprogrammed 
machines in the following manner. Older, 
non-microprogrammed 
machines implemented the control func- 
tion by using combintions 
of gates and flip-flops connected in a 


somewhat 
random fashion in order to generate the required 


timing and control signals fOr the machine. Microprogrammed 
machines, on the other hand, are normally considered 
highly 


ordered, particularly with regard to the control function field, and 
use high speed PROM's for control definition. 
In its simplest 


definition, a microprogram control unit consists of the micropro- 
gram memory and the structure required to determine the ad- 
dress of the nex1 microinstruction. 


The microprogram memory control unit block diagram of Figure 
1 is easily implemented using the Am2910 and the Am27S25 
registered PROMs. This architecture provides a structured state 
machine design capable of executing many highly sophisticated 
next address control instructions. The Am2910 contains a next 
address 
multiplexer 
that provides 
four different 
inputs from 


which the address of the next microinstruction can be selected. 
These are the direct input (O), the register input (R), the program 
counter (PC), and file (F). The starting address decoder (map- 
ping PROM) output and the Am27S25's pipeline register output 
are connected together at the 0 input to the Am2910 and are 
operated in the three-state mode. 


The architecture of Figure 1 shows an instruction register capable 
of being loaded with a machine instruction word from the data 
bus. The op code portion of the instruction is decoded using a 
mapping PROM to arrive at a starting address for the micro- 
instruction sequence required to execute the machine instruc- 
tion. When the microprogram memory address is to be the first 
microinstruction 
of the 
machine 
instruction 
sequence, 
the 


Am2910 nex1address control selects the multiplexer 0 input and 
enables the three-state output from the mapping PROM. When 
the current microinstruction being executed is selecting the next 
microinstruction address as a JUMP function, the JUMP address 
will be available at the multiplexer 0 input. This is accomplished 
by having the Am291 0 select the next address multiplexer 0 input 
and also enabling the three-state output of the pipeline register 
branch address field. The register el]able input to the Am2910 
can be grounded so that this register will load the value at the 
Am2910 0 input. The value at 0 is clocked into the Am2910's 
register (R) at the end of the current microcycle, which makes the 
o value of this microcycle available as the R value of the next 
microcyle. Thus, by using the branch address field of two sequen- 
tial microinstructions, 
a conditional JUMP-TO-ONE-OF-TWO- 


SUBROUTINES 
or a conditional 
JUMP-TO-ONE-OF-TWO- 


BRANCH-1DDRESSES 
can be executed 
by either selecting the 


o input or the R input of the next address multiplexer. 


When sequencing through continuous microinstructions 
in the 


Am27S25 microprogram 
memory, the program counter in the 


Am2910 is used. Here, the control logic simply selects the PC 
input of the next address multiplexer. In addition, most of these 
instructions 
enable the three-state 
outputs of the Am27S25 


pipeline register associated with the branch address field, which 
allows the register within the Am2910 to be loaded. The 5 x 12 
stack in the Am2910 is used for looping and subroutining 
in 
microprogram 
operations. 
Up to five levels of subroutines 
or 
loops can be nested. Also, loops and subroutines can be inter- 
mixed as long as the five word depth of the stack is not exceeded. 


The Am27S25 contains a PRESET (PS) and a CLEAR (CLR) 
function that is useful for power-up operations and other initiali- 
zation functions. These signals can also be used to provide 
"trap" jumps to the all zeros or ones addresses in microprogram 
memory. 


The expansion scheme for increasing the depth of Am27S25 is 
shown in Figure 2. Note that no speed degradation results when 
devices 
are cascaded. 
This is because 
the decode 
of the 


Am74S139 is in parallel with the PROM access time. 


In order to provide an overall view of a typical Am2900 Bipolar 
Microprocessor, 
the block diagram of Figure 3 is presented. 


Here, the computer control unit (CCU) using the Am291 0 and 
Am27S25 registered PROMs is depicted. In addition, the typical 
connection 
scheme for the Am2903 
Bipolar 
Microprocessor 


slices is shown. The four Am2903 devices in the block diagram 
form a typical 16-bit architecture. Also shown in Figure 3 is the 
general connection for the Am2914 Priority Interrupt Controller 
and the Am2920 as a Memory Address Register. 


The block diagram also shows the Am2917 as the bus interface 
unit. Note that the Am2917 can interface directly with a data bus 
and the drive levels and receive levels are such that the instruc- 
tion register can be built using standard Low-Power Schottky 
devices. This is possible because the receiver threshold on the 
Am2917 is designed identically to the thresholds on standard 
power Schottky and the Low-Power Schottky devices. 


ADDRESSOF 
MICRO 
INTERRUPT 


S'RVIC' 
ROUTlN' 
~ 


A Register at the Microprogram 
Memory output contains the 


microinstruction being executed. The microprogram memory and 
Am2903 delay are in series. Conditional branches are executed 
on same cycle as the ALU operation generating the condition. 


One level pipeline provides better speed than the architecture to 
the left. The Microprogram Memory and the Am2903 array are in 
parallel speed paths instead of in series. This is the recom- 
mended 
architecture 
for Am2900 
designs. 
Note 
that 
the 


Am27S25 reduces the parts count of the microprogram 
mem- 


ory/pipeline by a factor of two. 


Am27S26 • Am27S27 


4096-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


• 
On chip edge triggered registers - 
Ideal for pipelined 


microprogrammed 
systems 
• 
Versatile 
synchronous 
and asynchronous 
enables 
for 


simplified word expansion 
• 
Predetermined OFF outputs on power-up 
• 
Fast SOnsaddress setup and 20ns clock to output times 
• 
Excellent performance over the military range 


• 
Performance pretested with N2 patterns 
• 
Space saving 22 pin package 
• 
Highly reliable, ultra-fast programming Platinum-Silicide fuses 


• 
High programming yield 
• 
Low current PNP inputs 
• 
High current open collector and three-state outputs 
• 
Common 
Generic 
PROM Series characteristics 
and pro- 
gramming procedures 


64x64 
PROGRAMMABLE 


ARRAY 


FUNCTIONAL DESCRIPTION 


The Am27S26 
and Am27S27 
are electrically 
programmable 


Schottky TIL 
read only memories incorporating 
true D-type, 


master-slave data registers on chip. These devices feature the 
versatile 512 word by 8 bit organization and are available in both 
the open collector Am27S26 and three-state Am27S27 output 
versions. Designed to optimize system performance, these de- 
vices also substantially reduce the cost of pipelined micropro- 
grammed system and other designs wherein accessed PROM 
data is temporarily 
stored in a register. The Am27S26 
and 


Am27S27 also offer maximal flexibility for memory expansion 
and data bus control by providing both synchronous and asyn- 
chronous output enables. 


When Vcc power is first applied, the synchronous enable (E2) 
flip-flop will be in the set condition causing the outputs. 00-07, to 
be in the OFF or high impedance state, eliminating the need for a 
register clear input. Reading data is accomplished by first apply- 
ing the binary word address to the address inputs, Ao-As, and a 
logic LOW to the synchronous output enable, E2. During the 
address setup time, stored data is accessed and loaded into the 
master flip-flops of the data register. Since the synchronous 
enable setup time is less than the address setup requirement, 
additional decoding delays may occur in the enable path without 
reducing memory performance. 
Upon the next LOW-to-HIGH 


transition of the clock, CP, data is transferred to the slave flip- 
flops which drive the output buffers. Providing the asynchronous 
enable, E1, is also LOW, stored data will appear on the outputs, 
00-07, IfE2 is HIGH when the positive clock edge occurs, outputs 
go to the OFF or high impedance state. The outputs may be 
disabled at any time by switching E1 to a HIGH level. Following 
the positive clock edge, the address and synchronous enable 
inputs are free to change; changes do not affect the outputs until 
another positive clock edge occurs. This unique feature allows 
the PROM decoders and sense amplifiers to access the next 
location while previously addressed data remains stable on the 
outputs. For less complex applications either enable may be 
effectively eliminated by tying it to ground. 


The on-Chip, edge triggered register simplifies system timing 
since the PROM clock may be derived directly from system clock 
without introducing dangerous race conditions. 
Other register 


timing requirements 
are similar to those of standard Schottky 


registers and are easily implemented. 


CONNECTION DIAGRAM 


Top View 


MAXIMU~ RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Volt&ge to Ground Potential (Pin 16 to Pin 8) Continuous 


DC VOltage!Applied to Outputs (Except During Programming) 


DC Voltage Applied to Outputs During Programming 


Output Current into Outputs During Programming (Max. Duration of 1 sec.) 


DC Input Voltage 


DC Input Cl,lrrent 


I 


OPERATING 
RANGE 


COM'L 
AM27S26XC, 
AM27S27XC 


AM27S26XM, 
AM27S27XM 


GENERIC SERIES CHARACTERISTICS 


The Am27S26 and Am27S27 are members of an Advanced 
PROM series incorporating 
common electrical characteristics 
and programming procedures, All parts in this series are pro- 
duced with a fusible link at each memory location storing a logic 
LOW and can be selectively programmed to a logic HIGH by 
applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming highly reli- 
able Platinum-Silicide 
Fuse technology. 
Utilizing 
easily 
im- 


plemented programming (and common programming personality 
card sets) these prodccts can be rapidly programmed to any 
customized pattern. Extra test words are pre-programmed during 
manufacturing to insure extremely high field programming yields, 
and prod~ce excellent parametric correlation. 


TA = O'C to +75'C 


Tc = -55'Cto 
+125'C 


Platinum-Silicide 
was selected 
as the fuse link material 
to 


achieve 
a well controlled 
melt rate resulting 
in large non- 


conductive 
gaps that ensure very stable long term reliability. 


Extensive operating testing has proven that this low-field, large- 
gap technology offers the best reliability for fusible link PROMs. 


Common design features include active loading of all critical AC 
paths regUlated by a built-in temperature and voltage compen- 
sated bias network to provide excellent parametric performance 
over MIL supply and temperature 
ranges. Selective feedback 


techniques have been employed to minimize delays through all 
critical 
paths 
producing 
the ·fastest 
speeds 
possible 
from 


Schottky processed PROMs. 


-65'C 
to +150°C 


-55'C 
to +125'C 


-O.5V to + 7.0V 


-O.5V to +Vcc 
max. 


21V 


200mA 


-O.5V to +5.5V 


-30mA 
to +5mA 


Vcc 
= 5.0V ±5% 


vcc 
= 5.0V ±10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 


Parameters 
Description 
Test Conditions 
Min. 
(Note 1) 


VOH 
Output HIGH Voltage 
Vcc = MIN., IOH = -2.0mA 
2.4 
Volts 
(Am27S27 only) 
VIN = V1H or V1L 


VOL 
Output LOW Voltage 
Vcc = MIN., IOL = 16mA 
0.38 
0.50 
Volts 


I 
V1N = V1H or VIL 


V1H 


I 


Input HIGH Level 
Guaranteed 
input logical HIGH 
2.0 
Volts 
voltage for all inputs 


, 


Guaranteed 
input logical LOW 


VIL 
Input LOW Level 
voltage for all inputs 
0.8 
Volts 


IlL 
I 
Input LOW Current 
VCC = MAX., VIN = 0.45V 
-0.010 
-0.250 
mA 


IIH 
I 
Input HIGH Current 
Vcc = MAX., V1N = 2.7V 
25 
p.A 


II 


, 


Input HIGH Current 
Vcc = MAX., V1N = 5.5V 
1.0 
mA 


Isc 
Output Short Circuit Current 
Vcc = MAX., VOUT = O.OV (Note 2) 
-20 
-40 
-90 
mA 
(Am27S27 only) 


Ice 
Power Supply Current 
All inputs = GND 
130 
185 
mA 
Vcc = MAX. 


VI 


, 


Input Clamp Voltage 
Vcc = M:N., IIN = -18mA 
-1.2 
Volts 


Vo = 4.5V 
100 


ICEX 
Output Leakage Current 
Vcc 
= MAX. 
Vo = 2AV 
40 
p.A 
VEl = 2AV 
Am27S27 


Only 
Vo = OAV 
-40 


C,N 


I 
'"put Capacitance 
VIN - 
2.0V @ 1 ~ 1MHz (Note 3) 
5 


COUT 
Output Capacitance 
VOUT = 2.0V @ 1 = lMHz 
(Note 3) 


pF 


12 


Notes: 
1. Typical limits are at Vcc = 5.0V and TA = 25'C. 
, 


2. Not more than one output should be shorted at a time. Duration 01 the short circuit should not be more than one second. 
3. These parameters 
are not 100% tested, but are periodically 
sampled. 


COM'L 
Min 
Max 


MIL 


Min 
Max 


ts(A) 
Address to CP (HIGH) Setup Time 
40 
55 
65 
ns 


tH(A) 
Address to CP (HIGH) Hold Time 
-15 
0 
0 
ns 


tpHdCP) 
Delay from CP (HIGH) to Output 
CL = 30pF 
15 
27 
30 
ns 
tpLH(CP) 
(HIGH or LOW) 
S, closed. 


tWH(CP) 
(See AC Test 


twdCP) 
CP Width (HIGH or LOW) 
Load below) 
10 
30 
40 
ns 


ts(E2) 
E2 to CP (HIGH) Setup Time 
10 
25 
30 
ns 


tH(E2) 
E2 to CP (HIGH) Hold Time 
-10 
0 
0 
ns 


tpzdCP) 
Delay from CP (HIGH) to Active 


CL = 30pF 
15 
35 
45 
ns 
tpZH(CP) 
Output (HIGH or LOW) (Note i) 


S, closed for tpZL 


tpzdE,) 
Delay from E, (LOW) to Active 
and open for tpzH 
15 
40 
45 
ns 
tpZH(E,) 
Output (HIGH or LOW) (Note 1) 


tpLZ(CP) 
Delay from CP (HIGH) to Inactive 
CL = 5pF (Note 2) 
15 
35 
45 
ns 
tpHZ(CP) 
Output (OFF or high Impedance) 
(Note 1) 


tpLz(E,) 
Delay from E, (HIGH) to Inactive 


S, closed for tpLz 


tpHZ(E,) 
Output (OFF or high Impedance) 
(Note 1) 
and open for tpHZ 
10 
30 
40 
ns 


No\es: 
1. tPHZ and tpZH apply to the three-state 
Am27S27 
only. 
2. tpHZ and tPLZ are measured to the VOH - 0.5V and VOL + 0.5V output levels respectively. 
All other switching parameters 
are tested from and 
to the 1.5V threshold 
levels. 
3. Tests are performed with input 10 to 90% rise and fall times of 5ns or less. 


3V 


--------- 
1.5V 


OV 


-------3V 


------- 
1.5V 
ov 


KEY TO TIMING DIAGRAM 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 


MUST BE 
WILL BE -- 


DON'T CARE, 
CHANGING; 


STEADY 
STEADY 
ANY CHANGE 
STATE 
PERMITTED 
UNKNOWN 


H 


CENTER 
-- 


MAY CHANGE 
WILL BE 
DOES NOT 
LINE IS HIGH 


FADM H TO L 
CHANGING 
APPLY 
IMPEDANCE 


FROM H TO l 
"OFF" 
STATE 


J!I[ff 


MAY CHANGE 
WILL BE 


FROM l TO H 
CHANGING 
FROM L TO H 


vcc~ 


5' 


PROGRAMMING 


The Am27S26 and Am27S27 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of the 
memory 
ith the link in place is LOW. The fusible links are 
opened one at a time by passing current through them from a 20 
volt supply which is applied to the memory output after the E1 
input is at a logic HIGH. Current is gated through the addressed 
fuse by r1iSing the E1 input from a logic HIGH to 15 volts. After 
50 jLsec, he 20 volt supply is removed, the chip is enabled and 
the CP input is clocked. Each data verification attempt must be 
preceded by a positive going (LOW-to-HIGH) clock edge to load 
the array data into the on-chip register. The output level is then 
sensed to determine if the link has opened. Most links will open 
within 50 jL8ec. 
Occasionally a link will be stronger and require 


additional programming cycles. The recommended duration of 
additional programming 
periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. Suc- 
cessive links are programmed in the same manner until all de- 
sired bit locations have been programmed to the HIGH level. 


Typical current into an output during programming will be approx- 
imately 140mA until the fuse link is opened, after which the 


current drops to approximately 40mA. Current into the E1 pin 
when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to the 
large currents being passed. Programming cycles should not be 
continuously applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power to 
the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content of 
the memory should be verified by clocking and reading all words. 
Occasionally this verification will show that an extra undesired 
link has been fused. Should this occur, immediately check the 
programming equipment to make sure that all device pins are 
firmly contacting the programming socket, that the input signal 
levels exhibit sufficient noise margins, and that the programming 
voltages are Within the specified limits. All of these conditions 
must be maintained 
during programming. 
AMD PROMs are 


thoroughly tested to minimize unwanted fusing; fusing extra bits 
is generally related to programming equipment problems. 


Vccp 
VCC During Programming 
5.0 
5.5 
V 


VIHP 
Input HIGH Level During Programming 
2.4 
5.5 
V 


VILP 
Input LOW Level During Programming 
0.0 
0.45 
V 


VENP 
I 
E1 Voltage During Programming 
14.5 
15.5 
V 


Vop 
Output Voltage During Programming 
19.5 
20.5 
V 


VoNP 
Voltage on Outputs Not to be Programmed 
0 
Vccp+O.3 
V 


10NP 
I 
Current into Outputs Not to be Programmed 
20 
mA 


d(Vop)/dt 
Rate of Output Voltage Change 
20 
250 
V/JoLsec 


d(VEN)/dt 
Rate of E1 Voltage Change 
100 
1000 
V/JoLsec 


Programming Period - First Attempt 
50 
100 
JoLsec 
tp 
Programming Period - Subsequent Attempts 
5.0 
15 
msec 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; I.e., not to the midpoints. 


2. Delayst1throught6 mustbegreaterthan 100 ns; maximumdelaysof 1 JoLsec are recommendedto minimize heatingduring programming. 
3. During tv' a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses are 
required. 
4. Outputs not being programmed are connected to VONPthrough resistor R which provides output current limiting. 


ADDRESS =x 
'C. 
VIHP 
SELECTED AODRESS STABLE 
INPUTS1---------------- 
VILP 


Data 1/0 Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 


909-1286-1 


PROGRAMMING 
EQUIPMENT 


Generic programming 
boards and device adapters are avail- 


able from the sources 
listed below. 
In each case, the pro- 


gramming boards are used in these manufacturer's 
automatic 


SOURCE 
AND LOCATION 


PROGRAMMER 
MODEL(S) 


AMD GENERIC 
BIPOLAR 


PROM PERSONALITY 
BOARD 


Am27S26 
• Am27S27 


ADAPTERS 
AND 


CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor or 
Advanced Micro Devices. The program data should be submitted 
in the form of a punched paper tape and must be accompanied by 
a written truth table. The punched tape can be delivered with your 
order or may be transmitted over a TWX machine or time-sharing 
terminal. ASCII BPNF is our preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown below. 
They can be punched on any Teletype® or on a TWX or Telex 
machine. The format chosen provides relatively good error detec- 
tion. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in the 


following format: 
a. Any characters, including carriage return and line feed, 


except "B". 


b. The letter "B", indicating the beginning of the data word. 
c. A sequence of eight Ps or Ns, starting with output Q7' 
d. The letter "F", indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except the 


letter "B". 


WORD ZERO® 
© 


~MME~INT[IELD ®@ 


TEX'I 
R 
L 


CAN 
R 
L 


GO 
R 
L 


HERE 
R @ 


BPNPPNNNPF 
BPPPPPPNNF 
BNNNPPPPNF 
BNNNNNNNNF 
BPNNNNNNPF 
BNPPNPPNNF 
BPNNPPPNNF 
.......... 


511 
BNmppoo 
END ® @ 


@=CARRIAGE 
RETURN 


(0= 
LINE FEED 


programmers 
to program 
all AMD 
generic 
series 
bipolar 


PROMs; individual adapters are required for each basic part 
type in the series. 


Pro-Log Corp. 
2411 Garden Road 
Monterey, Ca. 93940 


M900 and M920 


PM9058 


Truth tables are also acceptable, however, much less desirable 
especially for larger density PROMs. Submission of a truth table 
requires the generation of a punched paper tape at the distributor 
or factory resulting in longer lead times, greater possibility of 
error, and higher cost. 


3. A trailer 01at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the word 
(or every few words) with the word number, then type the data 
word, then a comment, then carriage return and line feed as 
shown below. There must be no characters between the Band 
the F except for the eight Ps and Ns. If an error is made in a word, 
the entire word must be cancelled with rubouts back to the letter 
B, then the word re-typed beginning with the B. 


When TWXing your tape, be sure the tape IS In even parity. Parity 
is not necessary if the tape is mailed. 


AB 
A7 As As 
A4 A3 
A2 A1 Ao 
Q7 Qs 
Qs Q4 
Q3 Q2 
Q1 Qo 


L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 


L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 


L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 


L 
L 
L 
L 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
H 
L 
L 


L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
L 
L 
H 
H 
H 
L 
L 


APPLYING THE Am27S26 AND Am27S27 IN BIPOLAR 
MICROCOMPUTERS 


With the Cldventof the Am2901 and Am2903 4-bit microprocessor 
slices. the Am2910 bipolar microprogram sequencer and the 
Am27S26/27 
registered PROM. the design engineer can up- 
grade the performance of existing systems or implement new 
systems taking advantage 
of the latest state-of-the-art 
tech- 


nology in Low-Power Schottky integrated circuits. These de- 
vices, however, utilize a new concept in machine design not 
familiar to many design engineers. 
This technique 
is called 


microprogramming. 


----;;:;;;;0-] 
Am2910 
I 


I 


I 


I 


I 


I 


I 


I 


I 


--~ 
--~ 


I 


I 


==:J 


CARRY 


OVR 
12 


ZERO 
~ 


SIGN 
a: 
:50 


INRPT 
.. 
Qz 


ETC 
c 


ETC 


-= 


NEXT ADDRESS 
MULTIPLEXER 
OUTPUT 


I 


I 


L_ 


TO 
Am29010R 
Am2903, 
ETC. 


APPLYING THE Am27S26 and Am27S27 IN BIPOLAR 
MICROCOMPUTERS 
(Cont.) 


Basically, a microprogrammed machine is one in which a coher- 
ent sequence of microinstructions 
is used to execute various 


commands required by the machine. If the machine is a com- 
puter, each sequence of microinstructions can be made to exe- 
cute a machine instruction. All of the little elemental tasks per- 
formed by the machine in executing the machine instruction are 
called microinstructions. The storage area for these microinstruc- 
tions is usually called the microprogram memory. 


A microinstruction usually has two primary parts. These are: (1) 
the definition and control of all elemental micro-operations to be 
carried out and (2) the definition and control of the address of the 
next microinstruction to be executed. 


The definition of the various micro-operations to be carried out 
usually includes such things as ALU source operand selection, 
ALU function, ALU destination, carry control, shift control, inter- 
rupt control, data-in and data-out control, and so forth. The defi- 
nition of the next microinstruction function usually includes iden- 
tifying the source selection of the next microinstruction address 
and, in some cases, supplying the actual value of that micro- 
instruction address. 


Microprogrammed 
machines 
are usually distinquished 
from 
non-microprogrammed 
machines in the following manner. Older, 
non-microprogrammed 
machines implemented the control func- 
tion by using combinations of gates and flip-flops connected in a 
somewhat random fashion in order to generate the required 
timing and control signals for the machine. Microprogrammed 
machines, on the other hand, are normally considered highly 
ordered, particularly with regard to the control function field, and 
use high speed PROM's for control definition. In its simplest 
definition, a microprogram control unit consists of the micropro- 
gram memory and the structure required to determine the ad- 
dress of the next microinstruction 


The microprogram memory control unit block diagram of Figure 1 
is easily implemented using the Am2910 and the Am27S26/27 
registered PROM's. This architecture provides a structured state 
machine design capable of executing many highly sophisticated 
next address control instructions. The Am2910 contains a next 
address multiplexer that provides four different inputs from which 
the address of the next microinstruction can be selected. These 
are the direct input (D), the register input (R), the program counter 
(PC), and the file (F). The starting address decoder (mapping 
PROM) output and the Am27S26/27's pipeline register output are 
connected together at the D input to the Am291 0 and are oper- 
ated in the three-state mode. 


The architecture of Figure 1 shows an instruction register capable 
of being loaded with a machine instruction word from the data 
bus. The op code portion of the instruction is decoded using a 
mapping PROM to arrive at a starting address for the micro- 
instruction sequence required to execute the machine instruc- 
tion. When the microprogram memory address is to be the first 
microinstruction 
of the machine 
instruction 
sequence, 
the 
Am2910 next address control selects the multiplexer D input and 
enables the three-state output from the mapping PROM. When 
the current microinstruction being executed is selecting the next 
microinstruction address as a JUMP function, the JUMP address 
will be available at the multiplexer D input. This is accomplished 
by having the Am291 0 select the next address multiplexer D input 
and also enabling the three-state output of the pipeline register 
branch address field. The register enable input to the Am2910 
can bo grounded 
so that this register will load 
the value at the 
Am2910 D input. The value at D is clocked into the Am2910's 
register (R) at the end of the current microcycle, which makes the 
D value of this microcycle available as the R value of the next 


microcyle. Thus, by using the branch address field of two sequen- 
tial microinstructions, 
a conditional JUMP-TO-ONE-OF-TWO- 
SUBROUTINES 
or a conditional 
JUMP-TO-ONE-OF-TWO- 


BRANCH-ADDRESSES 
can be executed by either selecting the 
D input or the R input of the next address multiplexer. 


When sequencing through continuous microinstructions 
in the 
Am27S26/27 microprogram memory, the program counter in the 
Am2910 is used. Here, the control logic simply selects the PC 
input of the next address multiplexer. In addition, most of these 
instructions enable the three-state outputs of the Am27S26/27 
pipeline register associated with the branch address field, which 
allows the register within the Am291 0 to be loaded. The 5 x 12 
stack in the Am2910 is used for looping and subroutining 
in 
microprogram 
operations. 
Up to five levels of subroutines or 


loops can be nested. Also, loops and subroutines can be inter- 
R'lixedas long as the five word depth of the stack is not exceeded. 


The expansion scheme for increasing the depth of Am27S26/ 
27's is shown in Figure 2. Note that no speed degradation results 
when devices are cascaded. This is because the decode of the 
Am74S139 is in parallel with the PROM access time. 


In order to provide an overall view of a typical Am2900 Bipolar 
Microprocessor, 
the block diagram of Figure 3 is presented. 
Here, the computer control unit (CCU) using the Am2910 and 
Am27S26/27 
registered PROM's is depicted. 
In addition, the 
typical connection scheme for the Am2903 Bipolar Microp~oces- 
sor slices is shown. The four Am2903 devices in the block dia- 
gram form a typical 16-bit architecture. Also shown in Figure 3 is 
the general connection for the Am2914 Priority Interrupt Control- 
ler and the Am2920 as a Memory Address Register. 


The block diagram also shows the Am2917 as the bus interface 
unit. Note that the Am2917 can interface directly with a data bus 
and the drive levels and receive levels are such that the instruc- 
tion register can be built using standard Low-Power Schottky 
devices. This is possible because the receiver threshold on the 
Am2917 is designed identically to the thresholds on standard 
power Schottky and the Low-Power Schottky devices. 


Fig. 2. Word Expansion Scheme for the Am27S26 


and Am27S27. 


AOORESSOf 
MICRO 
INTERRUPT 


SERVlC'ROUTIN' 
~ 


A Register at the Microprogram 
Memory output contains the 


microinstruction being executed. The microprogram memory and 
Am2903 delay are in series. Conditional branches are executed 
on same cycle as the ALU operation generating the condition. 


One level pipeline provides better speed than the architecture to 
the left. The Microprogram Memory and the Am2903 array are in 
parallel speed paths instead of in series. This is the recom- 
mended 
architecture 
for Am2900 
designs. 
Note 
that 
the 


Am27S26/27 reduces the parts count of the microprogram mem- 
ory/pipeline by a factor of two. 


Package 
Temperature 
Order 
Type 
Range 
Number 


Open Collectors 


Hermetic DIP 
O°Cto +75°C 
AM27S26DC 
Hermetic DIP 
-55°C 
to +125°C 
AM27S26DM 


Three-State Outputs 


Hermetic DIP 
O°C to +75°C 
AM27S27DC 
Hermetic DIP 
-55°C 
to +125°C 
AM27S27DM 


Am27S28 
• Am27S29 
4096-Bit 
Generic 
Series 
Bipolar 
PROM 


DISTINCTIVE CHARACTERISTICS 


• 
High Speed - 
55ns max commercial 
range access time 
• 
Excellent performance over full MIL and commercial ranges 


• 
Highly 
reliable, 
ultra-fast 
programming 
Platinum-Silicide 


fuses 
• 
High programming yield 
• 
Low current PNP inputs 
• 
High current open collector and three-state Qutputs 


• 
Fast chip select 
• 
Access time tested with N2 patterns 
• 
Pin for pin replacements for industry standard products 


• 
Common 
Generic 
PROM series electrical 
characteristics 


and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S28 and Am27S29 are members of an Advanced 
PROM series incorporating 
common electrical characteristics 


and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively 
programmed 
to a logic 


HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming 
highly 


reliable Platinum-Silicide 
Fuse technology. 
Utilizing easily im- 


plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed 
to 


any customized pattern. Extra test rows are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide 
was selected 
as the fuse link material 
to 


achieve 
a well controlled 
melt rate resulting 
in large non- 


conductive 
gaps that ensure very stable long term reliabilty. 
Extensive 
operating 
testing 
has proven 
that this low-field, 


large-gap tEfchnology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths 
regulated 
by a built-in 
temperature 
and voltage 


compensated 
bias network 
to provide 
excellent 
parametric 


performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through 
all critical 
paths producing 
the fastest 
speeds 


possible from Schottky processed PROMs. 


Package 


Type 
Order 
Number 
Temperature 
Range 


Open Collectors 


O°C to +75°C 


-55°C 
to +125°C 
AM27S28DC 
AM27S28DM 


Hermetic DIP 
Hermetic DIP 


Hermetic DIP 
Hermetic DIP 


Three-State Outputs 


O°C to +75°C 


-55°C 
to +125°C 
AM27S29DC 
AM27S29DM 


FUNCTIONAL 
DESCRIPTION 


The Am27S28 and Am27S29 are high speed electrically pro- 
grammable Schottky read only memories. Organized in the in- 
dustry standard 512 x 8 configuration, they are available in both 
open collector Am27S28 and three-state Am27S29 output ver- 
sions. After programming, stored information is read on outputs 
00-07 
by applying unique binary addresses to Ao-Aa and hold- 


ing the chip select input, CS, at a logic LOW. If the chip select 
input goes to a logic HIGH, 00-07 
go to the off or high imped- 


ance state. 


64.64 


PROGRAMMABLE 


ARRAY 


°0 
0, 
0, 
°3 
0. 
Os 
0, 
0, 


BPM-083 


LOGIC SYMBOL 


1 
2 
3 • 
5 
16 17 18 19 


,. 


Am27S28 
Am27S29 
512 X 8 PROM 


VCC = Pin 20 
6 
7 
8 
9 
11 12 13 14 
GND = Pin 10 


BPM·084 


CONNECTION DIAGRAM 


Top View 


Vcc 
As 
A, .•. 
As CS 
0, 0, 
Os 
0. 


Ao 
A1 
A2 
A3 
A.. 
00 
01 
02 
03 
GND 


Note: Pin 1 is marked for orientation. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous 


DC Voltage Applied to Outputs (Except During Programming) 


DC Voltage Applied to Outputs During Programming 


Output Current into Outputs During Programming (Max. Duration of 1 sec.) 


DC Input Voltage 


DC Input Current 


- 65°C to + 150°C 


- 55°C to + 125°C 


-0.5V 
to + 7.0V 


-0.5V 
to +Vcc 
max. 


21V 


200mA 


-0.5V 
to +5.5V 


-30mA 
to. +5mA 


Am27S2BXC, 
Am27S29XC 


Am27S2BXM, 
Am27S29XM 


TA = O°C to +75°C 


TA = -55°C 
to +125°C 


Vcc 
= 5.0V 
±5% 


Vcc 
= 5.0V 
±10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE (Unless Otherwise Noted) 
PRELIMINARY 
DATA 
Typ. 


(Note 
1) 


VOH 
VCC = MIN., 
IOH = -2.0mA 
Output 
HIGH 
Voltage 
204 
Volts 
(Am27S29 
only) 
VIN = VIH 
or VIL 


VOL 
Output 
LOW Voltage 


VCC = MIN., 
IOL 
= 16mA 
0.50 
Volts 


VIN 
= VIH 
or VIL 


VIH 
Input 
HIGH 
Level 
Guaranteed 
input 
logical HIGH 
2.0 
Volts 


voltage 
for all inputs 


VIL 
Input 
LOW Level 
Guaranteed 
input 
logical LOW 
O.B 
Volts 
voltage for all inputs 


IlL 
Input LOW Current 
VCC 
= MAX., 
VIN = Oo45V 
-0.010 
-0.250 
mA 


IIH 
Input 
HIGH 
Current 
VCC = MAX., 
VIN 
= 2.7V 
25 
jJA 


II 
Input 
HIGH 
Current 
VCC 
= MAX., 
VIN 
= 5.5V 
1.0 
mA 


ISC 
Output 
Short Circuit 
Current 
VCC = MAX., 
VOUT 
= O.OV INote 
2) 
-20 
-40 
·-90 
mA 
(Am27S29 
only) 


ICC 
Power Supply 
Current 
All 
inputs 
= GND 
105 
160 
mA 
VCC = MAX. 


VI 
Input 
Clamp 
Voltage 
VCC = MIN., 
IIN 
= -1BmA 
-1.2 
Volts 


Vo = 4.5V 
40 


ICEX 
Output 
Leakage Current 
VCC = MAX. 
Am27S29 
Vo = 204V 
40 
jJA 
Ves 
= 204V 


" 


only 
Vo = Oo4V 
-40 


CIN 
Input 
Capacitance 
VIN = 2.0V 
@f 
= 1 MHz (Note 
3) 
4 


COUT 
VOUT 
= 2.0V 
@ f = 1 MHz (Note 
3) 
pF 
Output 
Capacitance 
8 


Notes: 
1. 
Typical 
limits 
are at VCC = 5.0V 
and TA = 25°C. 


2. 
Not more than one output 
should be shorted at a time. 
Duration 
of the short circuit 
should not be more than one second. 


3. 
These parameters 
are not 100% tested, but periodically 
sampled. 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 


PRELIMINARY 
DATA 


Typ 
Max 


5V 


Parameter 
Description 
Test Conditions 
25°C 
COM'L 
MIL 
Units 


tAA 
Address Access Time 
35 
55 
70 
ns 


Enable Access Time 
AC Test Load 
15 
25 
30 
tEA 
(See Notes 1-3) 
ns 


tER 
Enable Recovery Time 
15 
25 
30 
ns 


Notes: 
1. tAA i~ tested with switch S, closed and CL = 30pF. 
2. For open collector outputs, tEA and tER are tested with S, closed to the 1.5V output level. CL = 30pF. 
3. For t~ree state outputs, 
tEA is tested with CL = 30pF to the 1.5V level; S, is open for high impedance 
to HIGH tests and closed for high 
impedance 
to LOW tests. tER is tested with CL = 5pF. HIGH to high impedance 
tests are made with S, open to an output voltage of VOH 
- 
0.5V; LOW to high impedance tests are made with S, closed to the VOL + 0.5V level. 


A~AB3 


3.DY 


1.5Y 


I 


OV 


cs, 
-l- 
~ 


1.5V 


t 
OV 
f--IAA~ 
f-IEA:J 
f-IEA-1 


VOH 


°0-07 
XXX]( 
»»> =::~:o~~:v ««< 


1.5Y 


VOL 
_0.II 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 


MUST BE 
WILL BE 
-- 


DON'T CARE; 
CHANGING; 


STEADY 
STEADY 
ANY CHANGE 
STATE 
PERMITTED 
UNKNOWN 
H 


CENTER 
-- 


MAY CHANGE 
WILL BE 
DOES NOT 
LINE IS HIGH 


FROM H TO L 
CHANGING 
APPLY 
IMPEDANCE 


FROM H TO L 
"OFF" STATE 


JJlJJJ 


MAY CHANGE 
WILL BE 


FROM L TO H 
CHANGING 
FROM L TO H 


vcc~ 


8' 


PROGRAMMING 


The Am27S28 and Am27S29 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of the 
memory with the link in place is LOW. The fusible links are 
opened one at a time by passing current through them from a 20 
volt supply which is applied to the memory output after the CS 
input is at a logic HIGH. Current is gated through the addressed 
fuse by raising the CS input from a logic HIGH to 15 volts. After 
50 /-Lsec, the 20 volt supply is removed, the chip is enabled and 
the output level is sensed to determine if the link has opened. 
Most links will open within 50 /-Lsec. Occasionally a link will be 
stronger and require additional programming 
cycles. The re- 


commended 
duration of additional programming 
periods is 5 


msec. If a link has not opened after a total elapsed programming 
time of 400 msec, further programming of the device should not 
be attempted. Successive links are programmed 
in the same 
manner until all desired bit locations have been programmed to 
the HIGH level. 


Typical current into an output during programming will be ap- 
proximately 
140mA until the fuse link is opened, after which 


the current drops to approximately 40mA. Current into the CS pin 
when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming 
due to 


the large currents being passed. Programming cycles should 
not be continuously 
applied to one device more than 5 sec- 


onds to avoid heat damage. 
If this programming 
time is ex- 


ceeded, 
all power to the chip including 
Vcc 
should be re- 


moved for a period of 5 seconds 
after which 
programming 


may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially 
reading all 


words. Occasionally 
this verification 
will show that an extra 


undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming 
socket, that 


the input signal levels exhibit 
sufficient 
noise margins, 
and 


that the programming voltages are within the specified limits. 
All of these conditions 
must be maintained 
during program- 


ming. AMD PROMs are thoroughly 
tested 
to minimize 
un- 


wanted fusing; fusing extra bits is generally 
related to pro- 


gramming equipment problems. 


Vccp 
VCC During Programming 
5.0 
5.5 
Volts 


V1HP 
Input HIGH Level During Programming 
2.4 
5.5 
Volts 


V1LP 
Input LOW Level During Programming 
0.0 
0.45 
Volts 


VCSP 
CS Voltage During Programming 
14.5 
15.5 
Volts 


Vop 
Output Voltage During Programming 
19.5 
20.5 
Volts 


VONP 
Voltage on Outputs Not to be Programmed 
0.0 
Vccp+0.3 
Volts 


10NP 
Current into Outputs Not to be Programmed 
20 
mA 


d(Vop)/dt 
Rate of Output Voltage Change 
20 
250 
V/p.sec 


d(VEN)/dt 
Rate of CS, Voltage Change 
100 
1000 
v/p.sec 


Programming 
Period - 
First Attempt 
50 
100 
p'sec 
tp 
Programming 
Period - 
Subsequent 
Attempts 
5.0 
15 
msec 


Notes: 
1. All delays 
between 
edges are specified 
from completion 
of the first edge to beginning 
of the second 
edge; i.e., not to the midpoints. 


2. 
Delays 
t, 
through 
t4 must be greater 
than 
100ns; 
maximum 
delays 
of 1p.sec are recommended 
to minimize 
heating 
during 
pro- 
gramming. 
3. During 
tv, a user defined 
period, 
the output 
being programmed 
is switched 
to the load R and read to determine 
if additional 
pulses 
are required. 


4. Outputs 
not being programmed 
are connected 
to VONP through 
resistor 
R which 
provides 
output 
current 
limiting. 


v-- 
VIHP 
I.t-. YllP 


- 
Vcsp 


Generic programming boards and device adapters are avail- 
programmers 
to program 
all AMD generic 
series 
bipolar 
able from the sources listed below. In each case, the pro- 
PROMs; individual adapters are required for each basic part 
gramming boards are used in these manufacturer's automatic 
type in the series. 


SOURCE 
AND LOCATION 
Data I/O Corp. 
Pro-Log Corp. 


P.O. Box 308 
2411 Garden Road 
Issaquah, Wash. 98027 
Monterey, 
Ca. 93940 


Model 5, 7 and 9 
M900 and M920 
PROGRAMMER 
MODEL(S) 


AMD GENERIC 
BIPOLAR 


PROM PERSONALITY 
BOARD 


Am27S28 
• Am27S29 
ADAPTERS 
AND 
CONFIGURATOR 


OBTAINlf'oIG PROGRAMMED 
UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. T.he punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCII BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype'!>or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in 


the following format: 
a. Any characters, including carriage return and line feed, 
except "B". 
b. The letter "B", 
indicating the beginning of the data 
word. 


c. A sequence of eight Ps or Ns, starting with output 07. 
d. The letter "F", indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter "B". 


TYPICAL 
PAPER TAPE FORMAT 


¢¢¢ 
BPNPPNNNPF 
WORD ZERO ® ~ 
:: ~EE~~I: 
:L 


IELD 


R@ 


BNPPNPPNNF 
GO (ffiiL 


¢~6 ~:~:::'!~ 
IlE.RE 
R ® 


~ 11 
BNNNNPPPNF 
EN·D® @ 


@=CARRIAGE 
RETURN 


(9= 
LINE FEED 


Truth tables are also acceptable, however, much less desir- 
able especially for larger density PROMs. Submission of a 
truth table requires the generation of a punched paper tape at 
the distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words) with the word number, then type 
the data word, then a comment, then carriage return and line 
feed as shown below. There must be no characters between 
the B and the F except for the eight Ps and Ns. If an error is 
made in a word, the entire word must be cancelled with rub- 
outs back to the letter B, then the word re-typed beginning 
with the B. 


When TWXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


AS A7 Aa As A4 A3 A2 A1 Ao 
07 °a Os 04 °3 02 01 °0 


L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 


L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 


L 
L 
L 
L 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
H 
L 
L 


L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
L 
L 
H 
H 
H 
L 
L 


L -.,- 
8 'P's OR 'N's 
LF 


OPTIONAL 
COMMENTS 
MAY BE INSERTED 
HERE 


Am27S32 • Am27S33 
4096-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


• 
High Speed - 55ns max commercial range access time 
• 
Excellent performance over full MIL and commercial ranges 
• 
Highly 
reliable, 
ultra-fast 
programming 
Platinum-Silicide 


fuses 


• 
High programming yield 
• 
Low current PNP inputs 
• 
High current open collector and three-state outputs 
• 
Fast chip select 


• 
Access time tested with N2 patterns 
• 
Pin for pin replacements for industry standard products 


• 
Common 
Generic 
PROM series electrical 
characteristics 


and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S32 and Am27S33 are members of an Advanced 
PROM series incorporating 
common electrical characteristics 


and programming 
procedures. All parts in this series are pro- 


duced with a fusible link at each memory location storing a 
logic LOW and can be selectively 
programmed 
to a logic 


HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated 
with AMD's fast programming 
highly 


reliable Platinum-Silicide 
Fuse technology. 
Utilizing easily im- 
plemented programming 
(and common programming 
person- 
ality card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during 
manufacturing 
to insure 
extremely 
high 
field 
pro- 
gramming 
yields, 
and produce 
excellent 
parametric 
correla- 
tion. 


Platinum-Silicide 
was selected 
as the fuse link material 
to 


achieve a well controlled melt rate resulting in large non-con- 
ductive gaps that ensure very. stable long term reliabilty. Ex- 
tensive operating testing has proven that this low-field, large- 
gap technology 
offers 
the 
best 
reliability 
for fusible 
link 


PROMs. 


Common design features include active loading of all critical 
AC paths 
regulated 
by a built-in 
temperature 
and voltage 


compensated 
bias network 
to provide 
excellent 
parametric 


performance over MIL supply and temperature ranges. Selec- 
tive feedback 
techniques 
have been employed 
to minimize 


delays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


Package 
Type 


Order 
Number 
Temperature 
Range 


Open Collectors 


DoCto +75°C 


-55°C 
to +125°C 


Three-State Outputs 


DoCto +75°C 


-55°C 
to 125°C 
AM27S33DC 
AM27S33DM 


Hermetic DIP 
Hermetic DIP 


AM27S32DC 
AM27S32DM 


Hermetic DIP 
Hermetic DIP 


FUNCTIONAL DESCRIPTION 


The Am27S32 and Am27S33 are high speed electrically pro- 
grammable 
Schottky 
read only memories. 
Organized 
in the 
industry standard 1024 x 4 configuration, they are available in 
both open collector Am27S32 and three-state 
Am27S33 out- 


put versions. After programming, stored information is read on 
outputs 
00-03 
by applying 
unique 
binary 
addresses 
to 
AO-A9 
and holding the chip select 
inputs, 
CS1 and CS2, 


LOW. If either chip select input goes to a logic HIGH, 00-03 
go to the off or high impedance state. 


00 
• 
0' 
02 
03 


LOGIC SYMBOL 


AO 
Al 
A2 
A3 
CSI 


A' 
Am27S32JAm27S33 


AS 
1024 
II 4 PROM 


A' 
CS2 
10 


A7 
A' 
A' 
00 


14 
13 
12 


CONNECTION 
DIAGRAM 


Top View 


MAXIMUM 
RATINGS 
(Above 
which 
the 
useful 
life may 
be impaired) 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 
(Pin 
18 to Pin 9) Continuous 


DC Voltage 
Applied 
to Outputs 
(Except 
During 
Programming) 


DC Voltage 
Applied 
to Outputs 
During 
Programming 


Output 
Current 
into Outputs 
During 
Programming 
(Max. 
Duration 
of 1 sec.) 


DC Input 
Voltage 


DC Input 
Current 


- 65°C 
to + 150°C 


-55°C 
to +125°C 


-O.5V 
to + 7.0V 


-O.5V 
to +VCC 
max. 


21V 


200mA 


-O.5V 
to +5.5V 


-30mA 
to +5mA 


Am27S32XC, 
Am27S33XC 


Am27S32XM, 
Am27S33XM 


TA = O°C to +75°C 


TA = -55°C 
to +125°C 


VCC = 5.0V ±5% 


VCC = 5.0V ±10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless 
Otherwise 
Noted) 
PRELIMINARY DATA 


Typ. 


(Note 1) 


VOH 
Output HIGH Voltage 
VCC = MIN., IOH = -2.0mA 
2.4 
Volts 
(Am27S33 only) 
VIN = VIH or VIL 


VOL 
Output LOW Voltage 
VCC = MIN., IOL = 16mA 
0.45 
Volts 
VIN ~ VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed 
input logical HIGH 
2.0 
Volts 
voltage lor all inputs 


VIL 
Input LOW Level 
Guaranteed 
input logical LOW 
0.8 
Volts 
voltage lor all inputs 


ilL 
Input LOW Current 
VCC = MAX., VIN = 0.45V 
-0.020 
-0.250 
mA 


IIH 
Input HIGH Current 
VCC = MAX., VIN = 2.7V 
25 
J.LA 


II 
Input HIGH Current 
VCC = MAX., VIN = 5.5V 
1.0 
mA 


ISC 
Output Short Circuit Current 
VCC = MAX., VOUT = O.OV (Note 2) 
-20 
-40 
-90 
mA 
(Am27S33 only) 


All inputs = GND 
I COM'L 
105 
140 
ICC 
Power Supply Current 
VCC = MAX. 
I MIL 


mA 


105 
145 


VI 
I 
Input Clamp Voltage 
VCC = MIN., IIN = -18mA 
-1.2 
Volts 


I 
VO = 4.5V 
40 


VCC = MAX. 
ICEX 
Output Leakage Current 
VCS1 = 2.4V 
Am27S33 
VO = 2.4V 
40 
J.LA 


only 
VO = O.4V 
-40 


CIN 
Input Capacitance 
VIN = 2.0V @ I = 1MHz (Note 3) 
5 


COUT 
Output Capacitance 
VOUT = 2.0V @ I = 1MHz (Note 3) 
pF 
12 


Notes: 
1. Typical limits are at VCC = 5.0V and TA = 25°C. 
2. Not more than one output should be shorted at a time. Duration 01 the short circuit should not be more than one second. 
3. These parameters 
are not 100% tested, but are periodically 
sampled. 


Am27S3;2 • Am27S33 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 


PRELIMINARY 
DATA 


Typ 
Max 


5V 


Parameter 
Description 
Test Conditions 
25°C 
COM'L 
MIL 
Units 


tAA 
Address Access Time 
38 
55 
70 
ns 


AC Test Load 


tEA 
Enable Access Time 
(See Notes 1-3) 
10 
25 
30 
ns 


tER 
Enable Recovery Time 
10 
25 
30 
ns - 


Notes: 
1. IAA is tested with switch S1 closed and CL = 30pF. 
2. For open collector outputs, tEA and tER are tested with S1 closed to the 1.5V output level. CL = 30pF. 
3. For three state outputs, tEA is tested with CL = 30pF to the 1.5V level; S1 is open for high impedance to HIGH tests and closed for high impedance 
to LOW tests. tER is tested with CL = 5pF. HIGH to high impedance tests are made with S1 open to an output voltage of VOH - 0.5V; LOW to high 
impedance 
tests are made with S1 closed to the VOL + 0.5V level. 


SWITCHING 
CHARACTERISTICS 


A~A93 


3.0V 


1.5V 


OV 


CS1·CS2 
I 
f 
\ 


1.5V 
I 
------ 
ov 


f----'AA--l 
f-'ERJ 
f-'EA--j 


VOH 


00-03 
XXX! 
»»> =::::O~~:V ««< 


1.5V 


VOL 


Note: 
Level on output while either CS is HIGH is determined 
externally. 


BPM-ll93 


KEY TO TIMING DIAGRAM 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 
--- 
-- 


OON'T 
CARE; 
CHANGING; 
MUST 
BE 
WILL 
BE 
ANYCHANGE 
STATE 


STEADY 
STEADY 
PERMITTED 
UNKNOWN 
--- 


CENTER 
-- 


WILL 
BE 
H 


OOES 
NOT 
LINE 
IS HIGH 
MAY 
CHANGE 
CHANGING 
APPLY 
IMPEDANCE 
FROM 
H TO L 
FROM 
HTO 
L 
"OFP' 
STATE 


JJJJJJ 


MAY 
CHANGE 
WILL 
BE 
CHANGING 
FROM 
L TO 
H 
FROM 
L TO H 


AC TEST LOAD 


vcc~o--- 


Sl 


R1 
3000 


OUTPUT 


CLf 
R2 
6000 


-=- 
BPM·094 


PROGRAMMING 


The Am27S32 and Am27S33 are manufactured with conduc- 
tive Platinum-Silicide 
link at each bit location. The output of 


the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS1 input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS, input 
from a logic HIGH to 15 volts. After 50 ,",sec, the 20 volt sup- 
ply is rerT]oved, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 ,",sec. Occasionally a link will be stronger and require addi- 
tional programming 
cycle. The recommended 
duration of ad- 


ditional 
programming 
periods 
is 5 msec. 
If a link has not 


opened after a total elapsed programming time of 400 msec, 
further programming 
of the device should not be attempted. 


Successive links are programmed in the same manner until all 
desired 
bit locations 
have been programmed 
to the HIGH 


level. 


Typical current into an output during programming will be ap- 
proximately 
140mA until the fuse link is opened, after which 


the current 
drops to approximately 
40mA. 
Current 
into the 


CS1 pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming 
due to 


the large currents being passed. Programming 
cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including VCC should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially 
reading all 


words. Occasionally 
this verification 
will show that an extra 


undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming 
socket, that 


the input signal levels exhibit 
sufficient 
noise margins, 
and 
that the programming voltages are within the specified limits. 
All of these conditions 
must be maintained 
during program- 


ming. AMD PROMs 
are thoroughly 
tested 
to minimize 
un- 


wanted 
fusing; fusing extra bits is generally 
related to pro- 


gramming equipment problems. 


VCCP 
VCC During Programming 
5.0 
5.5 
Volts 


VIHP 
Input HIGH Level During Programming 
2.4 
5.5 
Volts 


VILP 
Input LOW Level During Programming 
0.0 
0.45 
Volts 


VCSP 
CSl Voltage During Programming 
14.5 
15.5 
Volts 


VOP 
Output Voltage During Programming 
19.5 
20.5 
Volts 


VONP 
Voltage on Outputs. Not to be Programmed 
0 
VCCP+0.3 
Volts 


IONP 
Current into Outputs Not to be Programmed 
20 
mA 


d(VOP)/dt 
Rate of Output Voltage Change 
20 
250 
V//Lsec 


d(VCS)/dt 
Rate of CSl Voltage Change 
100 
1000 
V//Lsec 


Programming Period - First Attempt 
50 
100 
/Lsec 
tP 


Programming Period - Subsequent Attempts 
5 
15 
msec 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e. not to the midpoints. 


2. Delays tl, t2, t3 and t4 must be greater than 100 ns; maximum delays of 1 /Lsec are recommended to minimize heating during 
programming. 
3. During tv, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 
are required. 


4. Outputs not being programmed are connected to VONP through resistor R which provides output current limiting. 


v-- 
YIHP 
A....- 
VllP 


_ 
vcsp 


, 
OUTPUT 
II 
~EID!!..U_ 
VOL 
·1 


able from the sources 
listed below. 
In each case, the pro- 
PROMs; individual adapters are required for each base part 
gramming boards are used in these manufacturer's 
automatic 
type in the series. 


SOURCE AND LOCATION 
Data 1/0 Corp. 
Pro-Log Corp. 
P.O. Box 308 
2411 Garden Road 
Issaquah, Wash. 98027 
Monterey, Ca. 93940 


Model 5, 7 and 9 
M900 and M920 
PROGRAMMER 
MODEL(S) 


AMD GENERIC 
BIPOLAR 


PROM PERSONALITY 
BOARD 


Am27S32 
° Am27S33 
ADAPTERS 
AND 


CONFIGURATOR 


OBTAINING 
PROGRAMMED 
UNITS 


Programmed devices may be purchased from your distributor 
or Advanced 
Micro 
Devices. 
The program 
data should 
be 


submitted in the form of a punched paper tape and must be 
accompanied 
by a written truth table. The punched tape can 


be delivered 
with your order or may be transmitted 
over a 


TWX machine or time-sharing 
terminal. 
ASCII BPNF is our 


preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 1024 words, starting with word 0, 


in the following format: 
a. Any characters, including carriage return and line feed, 
except "B". 


b. The letter 
"B", 
indicating 
the beginning 
of the data 


word. 


c. A sequence of four Ps or Ns, starting with output 03. 
d. The letter "F", indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter "B". 


Truth tables are also acceptable, but are much less desirable 
especially 
for larger density 
PROMs. 
Submission 
of a truth 


table requires the generation of a punched paper tape at the 
distributor 
or factory 
resulting 
in longer 
lead times, greater 


possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the four Ps and Ns. If an error is made in 
a word, the entire word must be cancelled with rubouts back 
to the letter B, then the word re-typed beginning with the B. 


When TWXing your tape, be sure the tape is in even parity. Parity 
is not necessary if the tape is mailed. 


TYPICAL 
PAPER TAPE FORMAT 
RESULTING 
DEVICE 
TRUTH 
TABLE 


¢¢¢ 
BNNNPF 
WORD ZERO@ 
~ 
(CS1 
and 
CS2 
= LOW) 


BPPNNF 
COMMENTFIELD 
R 
® 
A9 
A8 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 
03 
02 
01 
00 


¢¢2 
BPPPNF ANYrid~ 


L 
L 
L 
L 
L 
L 
H 


L 
L 
H 
H 
H 
L 
L 
BNNNNF 
TEX'I 
R 
L 
L 
H 
L 
H 
H 
H 
L 


¢¢4 
BNNNPF 
CAN 
~ 


L 
H 
H 
L 
L 
L 
L 


BPPNNF 
GO R 
L 
H 
L 
L 
L 
L 
L 
H 


¢¢6 
HERE R 
® 


H 
L 
H 
H 
H 
L 
L 
BPPNNF 
H 
H 
L 
H 
H 
L 
L 
...... 
...... 
EN°D@® 
1024 
BPPPNF 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
4 'p's OR 'N's 
LF 


OPTIONAL 
COMMENTS 
MAY 
BE INSERTED 
HERE 


Am27S180· 
Am27S181 
8192-Bit Generic Series Bipolar PROM 


• 
High Speed - 
60ns max commercial range access time 
• 
Excellent performance over full MIL and commercial ranges 
• 
Highly 
reliable, 
ultra-fast 
programming 
Platinum-Silicide 


fuses 


• 
High programming yield 
• 
Low current PNP inputs 
• 
High current open collector and three-state outputs 
• 
Fast chip select 
• 
Access time tested with N2 patterns 
• 
Pin for pin replacements for industry standard products 
• 
Common 
Generic 
PROM series electrical 
characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S180 and Am27S181 are members of an Advanced 
PROM series incorporating 
common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic 
LOW and can be selectively 
programmed 
to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated 
with AMD's fast programming 
highly 
reliable Platinum-Silicide 
Fuse technology. 
Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed 
to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing 
to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide 
was selected 
as the fuse link material to 
achieve 
a well controlled 
melt rate resulting 
in large non- 


conductive 
gaps that ensure very stable long term reliabilty. 


Extensive 
operating 
testing 
has proven 
that this 
low-field, 


large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths 
regulated 
by a built-in 
temperature 
and voltage 
compensated 
bias network 
to provide 
excellent 
parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through 
all critical 
paths producing 
the fastest 
speeds 
possible from Schottky processed PROMs. 


Package 
Temperature 
Order 
Type 
Range 
Number 


Open Collectors 


Hermetic DIP 
O°C to +75°C 
AM27S1eODC 
Hermetic DIP 
- 55°C to + 125°C 
AM27S180DM 


Three-State Outputs 


Hermetic DIP 
DOCto +75°C 
AM27S181DC 
Hermetic DIP 
-55°C 
to +125°C 
AM27S181DM 


FUNCTIONAL DESCRIPTION 


The Am27S180 
and Am27S181 
are high speed electrically 
programmable Schottky read only memories. Organized in the 
industry standard 1024 x 8 configuration, they are available in 
both open collector Am27S180 and three-state Am27S181 out- 
put versions. After programming, stored information is read on 
outputs 00-07 
by applying unique binary addresses to Ao-Ag 
and enabling the chip (CS" 
CS2, 
low and CS3, 
CS4 high). 


Changes of chip select input levels disables the outputs causing 
them to go to the off or high impedance state. 


64.128 
PROGRAMMABLE 
ARRAY 


1 OF 14 
COLUMN 
DECODER 


AO A1 A2 
AJ A4 As A6 
A7 A8 A9 


CS1 
CS2 


CS, 


CS, 


CONNECTION 
DIAGRAM 
Top View 


~ 
~ 
~ 
~ 
~ 
~ 
A1 
~ 
~ 
01 
~GNO 
Note: Pin 1 is markedfor orientation. 


Am27S180· 
Am27S181 


MAXIMUM 
RATINGS 
(Above 
which 
the useful 
life may 
be impaired) 


Storage 
Temperature 


Temperature 
(Ambient) 
Under 
Bias 


Supply 
Voltage 
to Ground 
Potential 
(Pin 
24 to Pin 12) Continuous 


DC Voltage 
Applied 
to Outputs 
(Except 
During 
Programming) 


DC Voltage 
Applied 
to Outputs 
During 
Programming 


Output 
Current 
into Outputs 
During 
Programming 
(Max. 
Duration 
of 1 sec.) 


DC Input 
Voltage 


DC Input 
Current 


-65 
to + 150°C 


-55 
to +125°C 


-0.5 
to + 7.0V 


-0.5V 
to +Vee 
max. 


21V 


200mA 


-0.5 
to +5.5V 


-30 
to +5mA 


Am27S180XC, 
Am27S181XC 


Am27S180XM, 
Am27S181XM 


TA = Oto 75°C 


Te = -55 
to +125°C 


Vce = 5.0V ±5% 


Vee = 5.0V ±10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless 
Otherwise 
Noted) 
PRELIMINARY DATA 


Typ. 


(Note 1) 


VOH 
Output HIGH Vo~age 
Vee = MIN., 'OH = -2.0mA 
2.4 
Vo~s 
(Am27S181 
only) 
V1N = VIH or VIL 


VOL 
Output LOW Vo~age 
Vee = MIN., 'OL = 16mA 
0.38 
0.50 
Vo~s 
VIN = V1H or VIL 


VIH 
Input HIGH Level 
Guaranteed 
input logical HIGH 
2.0 
Volts 
vo~age lor all inputs 


V1L 
Input LOW Level 
Guaranteed 
input logical LOW 
0.8 
Vo~s 
voltage lor all inputs 


IlL 
Input LOW Current 
Vee = MAX., V1N = OA5V 
-0.010 
-0.250 
mA 


IIH 
Input HIGH Current 
Vee = MAX., VIN = 2.7V 
25 
p.A 


II 
Input HIGH Current 
Vee = MAX., V1N = 5.5V 
1.0 
mA 


' 
sc 
Output Short Circuit Current 
Vec = MAX., VOUT = O.OV (Note 2) 
-20 
-40 
-90 
mA 
(Am27S181 
only) 


Ice 
Power Supply Current 
All inputs = GND 
120 
185 
mA 
Vcc 
= MAX. 


VI 
Input Clamp Voltage 
Vcc 
= MIN., IIN = -18mA 
-1.2 
Vo~s 


Vo = 4.5V 
40 


Vcc = MAX, 


'eEx 
Output Leakage Current 
Ves, ,2 = 2AV 
Am27S181 
Vo = 2.4V 
40 
p.A 


VCS3,4 = OAV 
Only 
Vo = OAV 
-40 


CIN 
Input Capacitance 
V1N = 2.0V @ I = 1MHz (Note 3) 
5 


pF 
COUT 
Output Capacitance 
VOUT = 2.0V @ I = 1MHz (Note 3) 
12 


Notes: 
1. Typical limits are at Vee = 5.0V and TA = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters 
are not 100% tested, but are periodically 
sampled. 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 


PRELIMINARY DATA 


Typ 
Max 


5V 


Parameter 
Description 
Test Conditions 
25°C 
COM'L 
MIL 
Units 


tAA 
Address Access Time 
40 
60 
80 
ns 


tEA 
Enable Access Time 
AC Test Load 
20 
40 
50 
ns 
(See Notes 1-3) 
tER 
Enable Recovery Time 
20 
40 
50 
ns 


Notes: 
1. tAA is tested with switch S, closed and CL = 30pF. 
2. For open collector outputs, tEA and tER are tested with S, closed to the 1.5V output level. CL = 30pF. 
3. For three state outputs, 
tEA is tested with CL = 30pF to the 1.5V level; S, is open for high impedance 
to HIGH tests and closed for high 
impedance to LOW tests. tER is tested with CL = 5pF. HIGH to high impedance tests are made with S, open to an output voltage of VOH - 0.5V; 
LOW to high impedance tests are made with S, closed to the VOL + 0.5V level. 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 


MUST 
BE 
WILL 
BE 
-- 


DON'T 
CARE: 
CHANGING; 


ANYCHANGE 
STATE 
STEADY 
STEAOY 
PERMITTED 
UNKNOWN 
H 


CENTER 
-- 


WILL 
BE 
DOES 
NOT 
UNE 
IS HIGH 
MAY 
CHANGE 
CHANGING 
APPLY 
IMPEDANCE 
FROM 
H TO 
L 
FROM 
H TO L 
"OFP'STATE 


JJJJJJ 


MAY 
CHANGE 
WILL 
BE 


CHANGING 
FROM 
L TO 
H 
FROM 
L TO 
H 


The Am27S180 and Am27S181 are manufactured with a conduc- 
tive Platinum-Silicide 
link at each bit location. The output of 


the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS1 input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS1 input 
from a logic HIGH to 15 volts. After 50 /Lsec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 /Lsec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional 
programming 
periods 
is 5 msec. 
If a link has not 


opened after a total elapsed programming time of 400 msec, 
further programming 
of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired 
bit locations 
have been programmed 
to the HIGH 


level. 


Typical current into an output during programming will be ap- 
proximately 
140mA until the fuse link is opened, after which 


the current 
drops to approximately 
40mA. 
Current 
into the 


CS1 pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming 
due to 


the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vee should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially 
reading all 


words. Occasionally 
this verification 
will show that an extra 


undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming 
socket, that 


the input signal levels exhibit sufficient 
noise margins, 
and 


that the programming voltages are within the specified limits. 
All of these conditions 
must be maintained 
during program- 


ming. AMD PROMs are thoroughly 
tested 
to minimize 
un- 


wanted fusing; fusing extra bits is generally 
related to pro- 


gramming equipment problems. 


Veep 
Vee During Programming 
5.0 
5.5 
Volts 


V1HP 
Input HIGH Level During Programming 
2.4 
5.5 
Vo~s 


V1LP 
Input LOW Level During Programming 
0.0 
0.45 
Vo~s 


Vesp 
CS1 Voltage During Programming 
14.5 
15.5 
Vo~s 


Vop 
Output Voltage During Programming 
19.5 
20.5 
Volts 


VONP 
Vo~ageon OutputsNot to be Programmed 
0 
Veep+0.3 
Vo~s 


IONP 
Current into Outputs Not to be Programmed 
20 
mA 


d{Vop)/dt 
Rate of Output Voltage Change 
20 
250 
V/p.sec 


d{Vesl/dt 
Rate of CS1, Voltage Change 
100 
1000 
V/p.sec 


Programming Period - First Attempt 
50 
100 
p'sec 
tp 


ProgrammingPeriod - SubsequentAttempts 
5.0 
15 
msec 


Notes: 1. All delays betweenedges are specifiedfrom completionof the first edge to beginningof the secondedge; i.e., not to the midpoints. 


2. Delays t1, t2• t3 and t4 must be greater than 100 ns; maximum delays of 1 p'sec are recommended to minimize heating during 
programming. 
3. During ty• a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 
are required. 


4. Outputs not being programmed are connected to VoNP through resistor R which provides output current limiting. 


r..JV1HP 
A- 
VllP 


- 
Vcsp 


\ 
OUTPUT 
#, 
VOH 


~E!!J!'!..lJ_ VOl 
---I 


Generic programming 
boards and device adapters are avail- 
programmers 
to program 
all AMD 
generic 
series 
bipolar 
able from the sources 
listed below. In each case, the pro- 
PROMs; individual adapters are required for each basic part 
gramming boards are used in these manufacturer's 
automatic 
type in the series. 


SOURCEAND LOCATION 
Data I/O Corp. 
Pro-LogCorp. 
P.O. Box 308 
2411 Garden Road 
Issaquah,Wash. 98027 
Monterey,Ca. 93940 


Model 5, 7 and 9 
M900 and M920 


909-1286-1 
PM9058 


PROGRAMMERMODEL(S) 


AMD GENERICBIPOLAR 
PROM PERSONALITYBOARD 


Am27S180· Am27S181 
ADAPTERSAND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your di~tributor 
or Advanced 
Micro 
Devices. 
The program 
data should 
be 


submitted in the form of a punched paper tape and must be 
accompanied 
by a written truth table. The punched tape can 


be delivered 
with your order or may be transmitted 
over a 


TWX machine or time-sharing 
terminal. 
ASCII BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype<ll or on a TWX 
or Telex machine. The fonmat chosen provides relatively good 
error dete9tion. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data pattems for all 1024 words, starting with word 0, in 


the following format: 
a. Any characters, 
including carriage return and line feed, 
except "B". 
b. The letter 
"B", 
indicating 
the beginning 
of the data 
word. 
c. A sequence of eight Ps or Ns, starting with output 07, 
d. The letter "F", indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 
the letter "B". 


TYPICAL PAPER TAPE FORMAT 


000 
BPNPPNNNPF 
WORD ZERO ® © 
BPPPPPPNNF 
COMMENT FIELD 
® © 
002 
BNNNPPPPNF 
WY ® © 
BNNNNNNNNF 
TEXT ® © 
004 
BPNNNNNNPF 
CAN ® © 
BNPPNPPNNF 
GO ® © 
006 
BPNNPPPNNF 
HERE ® © 


1023 
BNNNNPPPNF 
END ® © 
® - CARRIAGE 
RETURN 
<D- LINE 
FEED 


Truth tables are also acceptable, 
however, much less desir- 


able especially 
for larger density 
PROMs. 
Submission 
of a 


truth table requires the generation of a punched paper tape at 
the distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words) with the word number, then type 
the data word, then a comment, then carriage return and line 
feed as shown below. There must be no characters between 
the B and the F except for the eight Ps and Ns. If an error is 
made in a word, the entire word must be cancelled with rub- 
outs back to the letter B, then the word re-typed beginning 
with the B. 


When TWXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING 
DEVICE TRUTH TABLE 


(CS1 AND CS2 LOW, CS3 AND CS4 HIGH) 


Ag 
As 
A7 
~ 
As 
A4 
A3 
A2 
A, 
Ao 
07 06 as 04 03 02 0, 
00 


L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
L 
L 
L 
H 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
L 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
H 
L 
L 
H 
H 
H 
L 
L 


H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 


ASCII PAPER TAPE 


CR 
TRAILER 


00 


0000 
0 


Am27S184 • Am27S185 


8192-Bit Generic 
Series 
Bipolar 
PROM 


DISTINCTIVE CHARACTERISTICS 


• 
Excellent performance over full MIL and commercial ranges 


• 
Highly 
reliable, 
ultra-fast 
programming 
Platinum-Silicide 


fuses 
• 
High programming yield 
• 
Low current PNP inputs 
• 
High current open collector and three-state outputs 


• 
Fast chip select 
• 
Access time tested with N2 patterns 
• 
Pin for pin replacements for industry standard products 


• 
Common 
Generic 
PROM series electrical 
characteristics 


and simple programming procedures. 


FUNCTIONAL DESCRIPTION 


The Am27S184 
and Am27S185 
are high speed electrically 


programmable Schottky read only memories. Organized in the 
industry standard 2048 x 4 configuration, they are available in 
both open collector Am27S184 and three-state Am27S185 out- 
put versions. After programming, stored information is read on 
outputs 00-03 by applying unique binary addresses to Ao-A10 
and holding the chip select input CS LOW. 
If the chip select 
input goes to a logic HIGH, 00-03 go to the off or high-imped- 
ance state. 


GENERIC SERIES CHARACTERISTICS 


The Am27S184 and Am27S185 are members of an Advanced 
PROM series incorporating 
common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing 
logic LOW and can be selectively 
programmed 
t 
a 
i 


HIGH by applying appropriate voltages to the circ It. 


All parts are fabricated with AMD's fast program 
j 
reliable Platinum-Silicide 
Fuse technology. Utilizing 


plemented programming (and common programming 
onal- 


ity card sets) these products can be rapidly programmed t 
any customized pattern. Extra test words are pre-program 
during manufacturing to insure exlremely 
high fiel 
progr m- 
ming yields, and produce excellent parametric 
r 
tion. 


Platinum-Silicide 
was selected 
as th 
link 
achieve 
a well controlled 
melt rat 
e u Ii 
conductive 
gaps that ensur 
ry s 
Ie 0 


Extensive 
operating 
t 
r 
en 
large-gap technolo 
e iabi 
PROMs. 


active loading of all critical 
lit-in temperature 
and voltage 


twork to provide 
excellent 
parametric 


performance 
ve 
IL supply and temperature ranges. Selec- 
tive feedback 
echniques have been employed to minimize de- 


lays througtl 
all critical 
paths producing 
the fastest speeds 


possible from Schottky processed PROMs. 


Package 
Temperature 
Order 


Type 
Range 
Number 


Open Collectors 


Hermetic DIP 
o to +75°C 
AM27S184DC 


Hermetic DIP 
-55 
to +125°C 
AM27S184DM 


Three-S(ate OU(puts 


Hermetic DIP 
o to +75°C 
AM27S185DC 


Hermetic DIP 
-55 
to +125°C 
AM27S185DM 


5 
'0 


6 
" 
7 
" 
• 
" 
3 
" 
, 
., 
Am27S184/185 
CS 
,. 


1 
" 
17 
" 
16 
" 
15 
" 
• 
'" 


0, 
0, 
0, 


VCC = Pin 18 
GND = Pin 9 
" 


13 
12 
11 


CONNECTION DIAGRAM 


Top View 


MAXIMUM 
RATINGS 
(Above which the useful life may be impaired) 


Storage Temperature 


Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential (Pin 18 to Pin 9) Continuous 


DC Voltage Applied to Outputs (Except During Programming) 


DC Voltage Applied to Outputs During Programming 


Output Current into Outputs During Programming (Max. Duration of 1 sec.) 


DC Input Voltage 


DC Input Current 


-65 
to +150°C 


-55 
to +125°C 


-0.5 
to + 7.0V 


-0.5V 
to +Vee max. 


21V 


200mA 


-0.5 
to +5.5V 


-30 
to +5mA 


Am27S184XC, 
Am27S185XC 


Am27S184XM, 
Am27S185XM 


TA = Oto 75°C 


Te = -55 
to +125°C 


Vee = 5.0V :t5% 


Vee 
= 5.0V :t10% 


ELECTRICAL 
CHARACTERISTICS 
OVER OPERATING 
RANGE 
(Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ 


(Note 1) 


VOH 
Output HIGH Voltage 
Vee = MIN., 'OH = -2.0mA 
2.4 
Votts 
(Am27S185 
only) 
VIN = V,H or VIL 


VOL 
Output LOW Vottage 
Vee = MIN., 'OL = 16mA 
0.50 
Volts 
V,N = VIH or VIL 


VIH 
Input HIGH Level 
Guaranteed 
input logical HIGH 
2.0 
Volts 
voltage lor all inputs 


V1L 
Input LOW Level 
Guaranteed 
input logical LOW 
0.8 
Volts 
voltage lor all inputs 


IlL 
Input LOW Current 
Vee = MAX., V,N = 0.45V 
-0.020 
-.250 
mA 


IIH 
I 
Input HIGH Current 
Vee = MAX., VIN = 2.7V 
25 
!J.A 


'I 
I 
Input HIGH Current 
Vee = MAX., VIN = 5.5V 
40 
mA 


Ise 
Output Short Circuit Current 
Vee = MAX., VOUT = O.OV (Note 2) 
-20 
-45 
-90 
mA 
(Am27S185 
only) 


'ce 
Power Supply Current 
All inputs = GND 
80 
130 
mA 
Vee = MAX. 


VI 
Input Clamp Vottage 
Vee = MIN., IIN = -18mA 
-1.2 
Volts 


40 


leEX 
Output Leakage Current 


Vee = MAX 


Vo = Vee 
40 
!J.A 
VC§ 
=2.4V 
Am27S185 
only 
Vo = 0.4V 
-40 


C1N 
Input Capacitance 
VIN = 2.0V @ I = 1MHz (Note 3) 
5 


COUT 
Output Capacitance 
VOUT = 2.0V @ 1= 
1MHz (Note 3) 
pF 


8 


Notes: 
1. Typical limits are at Vee = 5.0V and TA = 25°C. 
2. Not more than one output should be shorted at a time. Duration 01 the short circuit should not be more than one second. 
3. These parameters 
are not 100% tested, but are periodically 
sampled. 


Am27S184. 
Am27S185 


SWITCHING 
CHARACTERISTICS 
OVER OPERATING 
RANGE 


PRELIMINARY DATA 


Typ 
Max 


5V 


Parameter 
Description 
Test Conditions 
25°C 
COM'L 
MIL 
Units 


tAA 
Address Access Time 
40 
- 
- 
ns 


tEA 
Enable Access Time 
AC Test Load 
10 
- 
- 
ns 


(8ee Notes 1-3) 


tER 
Enable Recovery Time 
10 
- 
- 
ns 


Notes: 
1. tAA is tested with switch 8, closed and CL = 30pF. 
2. For open collector outputs, tEA and tEA are tested with 8, 
ciosed to the 1.5V output level. CL = 30pF. 


3. For three state outputs, tEA is tested with CL = 30pF to the 1.5V level; 8, 
is open for high impedance 
to HIGH tests and closed for high 
impedance to LOW tests. tER is tested with CL = 5pF. HIGH to high impedance tests are made with 8, open to an output voltage of VOH - 0.5V; 
LOW to high impedance tests are made with 8, 
closed to the VOL + 0.5V level. 


WAVEFORM 
INPUTS 
OUTPUTS 
WAVEFORM 
INPUTS 
OUTPUTS 
--- 
-- 


DON'T 
CARE; 
CHANGING; 
MUST 
BE 
WILL 
BE 
ANYCHANGE 
STATE 


STEADY 
STEADY 
PERMITTED 
UNKNOWN 
--- 


CENTER 
• 


WILL 
BE 
H 


DOES 
NOT 
LINE 
IS HIGH 
MAY 
CHANGE 
CHANGING 
APPLY 
IMPEDANCE 
FROM 
H TO 
L 
FROM 
H TO 
L 
"OFF" 
STATE 


1IJIff 


MAY CHANGE 
WILL 
BE 


CHANGING 
FROM 
L TO 
H 
FROM 
L TO 
H 


PROGRAMMING 


The Am27S184 and Am27S185 are manufactured with conduc- 
tive Platinum-Silicide 
link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible Ilinks are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS input is a logic HIGH. Current 
is gated through the addressed fuse by raising the CS input 
from a logic HIGH to 15 volts. After 50 Jksec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 Jksec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional 
programming 
periods 
is 5 msec. 
If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming 
of the device should not be attempted. 


Successive links are programmed in the same manner until all 
desired 
bit locations 
have been programmed 
to the HIGH 


level. 


Typical current into an output during programming will be ap- 
proximately 
140mA until the fuse link is opened, after which 


the current 
drops to approximately 
40mA. 
Current 
into the 


CS pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming 
due to 


the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially 
reading all 


words. Occasionally 
this verification 
will show that an extra 


undesired link has been fused. Should this occur, immediatel~ 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming 
socket, that 


the input signal levels exhibit sufficient 
noise margins, 
and 


that the programming voltages are within the specified limits. 
All of these conditions 
must be maintained 
during program- 


ming. AMD PROMs 
are thoroughly 
tested to minimize 
un- 


wanted fusing; fusing extra bits is generally 
related to pro- 


gramming equipment problems. 


Vccp 
Vee 
During 
Programming 
5.0 
5.5 
Volts 


V1HP 
Input HIGH Level During 
Programming 
2.4 
5.5 
Volts 


V1LP 
Input LOW Level During 
Programming 
0.0 
0.45 
Volts 


Vesp 
CS Voltage 
During 
Programming 
14.5 
15.5 
Volts 


Vop 
Output 
Voltage 
During 
Programming 
19.5 
20.5 
Volts 


VoNP 
I 
Voltage on Outputs Not to be Programmed 
0 
Veep+0.3 
Volts 


IONP 
Current 
into Outputs 
Not to be Programmed 
20 
mA 


d(Vop)/dt 
Rate of Output 
Voltage 
Change 
20 
250 
V/p.sec 


d(Ves)/dt 
Rate of CS Voltage 
Change 
100 
1000 
V/p.sec 


Programming 
Period 
- 
First Attempt 
50 
100 
p'sec 
tp 
Programming 
Period - 
Subsequent 
Attempts 
5.0 
15 
msec 


Notes: 
1. All delays between edges are specified from completion 
of the first edge to beginning of the second edge; i.e., not to the midpoints. 
2. 
Delays 
t1, t2, t3 and t4 must 
be greater 
than 
100 ns; maximum 
delays 
of 1 p'sec are recommended 
to minimize 
heating 
during 
programming. 
3. 
During 
tv' a user defined 
period, 
the output 
being programmed 
is switched 
to the load R and read to determine 
if additional 
pulses 
are required. 


4. Outputs 
not being programmed 
are connected 
to VON P through 
resistor 
R which 
provides 
output 
current 
limiting. 


Generic programming 
boards and device adapters are avail- 
programmers 
to program 
all AMD 
generic 
series 
bipolar 
able from the sources 
listed below. In .each case, the pro- 
PROMs; individual adapters are required for each basic part 
gramming boards are used in these manufacturer's automatic 
type in the series. 


SOURCEAND LOCATION 
Data I/O Corp. 
P.O. Box 308 
Issaquah,Wash. 98027 


Model 5, 7 and 9 


909-1286-1 


PROGRAMMERMODEL(S) 


AMD GENERICBIPOLAR 
PROM PERSONALITYBOARD 


Am27S1B4· Am27S1B5 
ADAPTERSAND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced 
Micro 
Devices. 
The program 
data should 
be 


submitted in the form of a punched paper tape and must be 
accompanied 
by a written truth table. The punched tape can 


be delivered 
with your order or may be transmitted 
over a 


TWX machine or time-sharing 
terminal. 
ASCII BPNF is our 


preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex macbine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 2048 words, starting with word 0, in 


the following format: 
a. Any characters, including carriage return and line feed, 
except "B". 


b. The letter "B", 
indicating 
the beginning 
of the data 


word. 
c. A sequence of four Ps or Ns, starting with output 03' 
d. The letter "F", indicating the finish of the data word. 
e. Any text, including carriage return and line feed, except 


the letter "B". 


¢¢¢ 


¢¢2 


¢¢4 


¢¢6 


TYPICAL PAPER TAPE FORMAT 


BNNNPF 
WORDZERO® @ 


BPPNNF 
COMMENTFIELD ® @ 


~;;:;~~ 
~~~R 
R ~ 


BNNNPF 
CAN R~ 


BPPNNF 
GO R 
L 


BPPNNF 
HERE R ® 
...... 
...... 


Pro-LogCorp. 
2411 Garden Road 
Monterey.Ca. 93940 


M900 and M920 


PM9058 


Truth tables are also acceptable, but are much less desirable 
especially 
for larger density 
PROMs. Submission 
of a truth 


table requires the generation of a punched paper tape at the 
distributor 
or factory 
resulting 
in longer lead times, greater 


possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the four Ps and Ns. If an error is made in 
a word, the entire word must be cancelled with rubouts back 
to the letter B, then the word re-typed beginning with the B. 


When TWXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


A,o Ag As A7 As As A4 A3 A2 A, An 


LLLLLLLLLLL 
LLLLLLLLLLH 
LLLLLLLLLHL 
LLLLLLLLLHH 
LLLLLLLLHL.L 
LLLLLLLLHLH 
LLLLLLLLHHL 


03 O2 0, 00 


L 
L 
L 
H 
H 
H 
L 
L 
H 
H 
H 
L 


L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
L 
L 
H 
H 
L 
L 


l-....-.-- 


" 
P,OR 
N, 
If 


OPTIONAL 
COMMENTS 
MAY 
BE INSERTED 
HERE 


Advanced 
Micro Devices is an industry leader in the production 
of high- 
technology 
MOS products. 
The company's 
n-channel, 
silicon-gate 
MOS 
process is ideally suited for the dense, high-speed 
memory and 
microprocessor 
products 
required by today's 
systems. 


Although 
most of the MOS products are oriented toward the Am9080A 
8-bit 
MOS microprocessor, 
the static RAM's are ideal for use with the Am2900 
family. The access times of these devices 
are often well matched 
to 2900 
system 
microcycle 
times and provide significant 
cost benefits over bipolar 
memories 
of the same density. 


Of particular interest to users of the Am2900 family are the Am9244/9044 
and 
Am9124/9114 4096-bit RAMs. These devices are organized as 4K x 1 and as 1K x 
4 and are available with access times to 200ns. The Am9147 is a 4K x 1 bit with 
access times as fast as 55ns. 


Complete 
data on these devices 
is included 
in the following 
pages, along 
with our 16K dynamic 
RAM, the Am9016. 
The selection 
guide on the next 
few pages lists other Advanced 
MOS products which may be of interest. 


Most of these products 
are available for full military temperature 
range 
operation. 
For complete 
data on our MOS products, 
see our MOS/LSI 
Data 
Book. 


MOS MEMORY SELECTION GUIDE 


STATIC 
RJW RANDOM-ACCESS 
MEMORIES 


Maximum 
Data I/O 
Operating 
Standby 


Part 
Organ i- 
Access 
Temp. 
Supply 
Config- 
Package 
Power 
Power 
Number 
zation 
Time (ns) 
Range 
Voltage 
Outputs 
uration 
Pins 
Max. (mW) 
Max. (mW) 


Am9101A 
256 x 4 
500 
C, M 
+5 
3-State 
Separate 
22 
290 
46 
Am91 LOlA 
256 x 4 
500 
C,M 
+5 
3-State 
Separate 
22 
173 
37 
Am9101B 
256 x 4 
400 
C, M 
+5 
3-State 
Separate 
22 
290 
46 
Am91 L01B 
256 x 4 
400 
C, M 
+5 
3-State 
Separate 
22 
173 
37 
Am9101C 
256 x 4 
300 
C,M 
+5 
3-State 
Separate 
22 
315 
46 
Am91L01C 
256 x 4 
300 
C,M 
+5 
3-State 
Separate 
22 
189 
37 


Am9101D 
256 x 4 
250 
C 
+5 
3-State 
Separate 
22 
315 
46 
Am91 02 
1024 xl 
650 
CoM 
+5 
3-State 
Separate 
16 
263 
42 
Am91L02 
1024 xl 
650 
C,M 
+5 
3-State 
separate 
16 
158 
35 
Am9102A 
1024 xl 
500 
Co M 
+5 
3-State 
Separate 
16 
263 
42 
Am91 L02A 
1024 x 1 
500 
C, M 
+5 
3-State 
Separate 
16 
158 
35 
Am9102B 
1024 x 1 
400 
C, M 
+5 
3-State 
Separate 
16 
263 
42 


Am91 L02B 
1024 xl 
400 
C,M 
+5 
3-State 
Separate 
16 
158 
35 
Am9102C 
1024 x 1 
300 
C,M 
+5 
3-State 
Separate 
16 
290 
42 
Am91 L02C 
1024 xl 
300 
C,M 
+5 
3-State 
Separate 
16 
173 
35 
Am9102D 
1024 xl 
250 
C 
+5 
3-State 
Separate 
16 
290 
42 
Am9111A 
256 x 4 
500 
C, M 
+5 
3-State 
Bussed 
18 
290 
46 


Am91LllA 
256 x 4 
500 
Co M 
+5 
3-State 
Bussed 
18 
173 
37 
Am9111B 
256 x 4 
400 
Co M 
+5 
3-State 
Bussed 
18 
290 
46 
Am91L11B 
256 x 4 
400 
Co M 
+5 
3-State 
Bussed 
18 
173 
37 
Am9111C 
256 x 4 
300 
Co M 
+5 
3-State 
Bussed 
18 
315 
46 
Am91LllC 
256 x 4 
300 
Co M 
+5 
3-State 
Bussed 
18 
189 
37 
Am9111D 
256 x 4 
250 
C 
+5 
3-State 
Bussed 
18 
315 
46 


Am9112A 
256 x 4 
500 
CoM 
+5 
3-State 
Bussed 
16 
290 
46 
Am91L12A 
256 x 4 
500 
CoM 
+5 
3-State 
Bussed 
16 
173 
37 
Am9112B 
256 x 4 
400 
C,M 
+5 
3-State 
Bussed 
16 
290 
46 
Am91L12B 
256 x 4 
400 
C,M 
+5 
3-State 
Bussed 
16 
173 
37 
Am9112C 
256 x 4 
300 
C, M 
+5 
3-State 
Bussed 
16 
315 
46 
Am91L12C 
256 x 4 
300 
C,M 
+5 
3-State 
Bussed 
16 
189 
37 


Am9112D 
256 x 4 
250 
C 
+5 
3-State 
Bussed 
16 
315 
46 
Am9114B 
1024 x 4 
450 
Co M 
+5 
3-State 
Bussed 
18 
367 
Am9114C 
1024 x 4 
300 
C, M 
+5 
3-State 
Bussed 
18 
367 
Am9114E 
1024 x 4 
200 
C 
-f;5 
3-State 
Bussed 
18 
367 
Am91L14B 
1024 x 4 
450 
C,M 
+5 
3-State 
Bussed 
18 
262 
Am91L14C 
1024 x 4 
300 
C, M 
+5 
3-State 
Bussed 
18 
262 
Am91L14E 
1024 x 4 
200 
C 
+5 
3-State 
Bussed 
18 
262 


Am9124B 
1024 x 4 
450 
CoM 
+5 
3-State 
Bussed 
18 
367 
157 
Am9124C 
1024 x 4 
300 
CoM 
+5 
3-State 
Bussed 
18 
367 
157 
Am9124E 
1024 x 4 
200 
C 
+5 
3-State 
Bussed 
18 
367 
157 
li 
Am91L24B 
1024 x 4 
450 
CoM 
+5 
3-State 
Bussed 
18 
262 
105 
Am91L24C 
1024 x 4 
300 
C, M 
+5 
3-State 
Bussed 
18 
262 
105 
Am91L24E 
1204 x 4 
200 
C 
+5 
3-State 
Bussed 
18 
262 
105 B 


Am9130A 
1024 x 4 
500 
Co M 
+5 
3-State 
Bussed 
22 
578 
84 
Am9130B 
1024 x 4 
400 
CoM 
+5 
3-State 
Bussed 
22 
578 
84 
Am9130C 
1024 x 4 
300 
C,M 
+5 
3-State 
Bussed 
22 
578 
84 
Am9130D 
1024 x 4 
250 
C 
+5 
3-State 
Bussed 
22 
578 
84 
Am9130E 
1024 x 4 
200 
C 
+5 
3-State 
Bussed 
22 
578 
84 


Am91L30A 
1024 x 4 
500 
Co M 
+5 
3-State 
Bussed 
22 
367 
72 
Am91L30B 
1024 x 4 
400 
C,M 
+5 
3-State 
Bussed 
22 
367 
72 
Am91L30C 
1024 x 4 
300 
Co M 
+5 
3-State 
Bussed 
22 
367 
72 
Am91L30D 
1024 x 4 
250 
C 
+5 
3-State 
Bussed 
22 
367 
72 
Am9131A 
1024 x 4 
500 
C, M 
+5 
3-State 
Bussed 
22 
578 
84 
Am9131B 
1024 x 4 
400 
Co M 
+5 
3-State 
Bussed 
22 
578 
84 
Am9131C 
1024 x 4 
300 
C, M 
+5 
3-State 
Bussed 
22 
578 
84 
Am9131D 
1024 x 4 
250 
C 
+5 
3-State 
Bussed 
22 
578 
84 
Am9131E 
1024 x 4 
200 
C 
+5 
3-State 
Bussed 
22 
578 
84 
Am91L31A 
1024 x 4 
500 
CoM 
+5 
3-State 
Bussed 
22 
367 
72 
Am91L31B 
1024 x 4 
400 
C, M 
+5 
3-State 
Bussed 
22 
367 
72 
Am91L31C 
1024 x 4 
300 
CoM 
+5 
3-State 
Bussed 
22 
367 
72 


Am91L31D 
1024 x 4 
250 
C 
+5 
3-State 
Bussed 
22 
367 
72 
Am9140A 
4096 xl 
500 
C,M 
+5 
3-State 
Separate 
22 
578 
84 
Am9140B 
4096 xl 
400 
CoM 
+5 
3-State 
Separate 
22 
578 
84 
Am9140C 
4096 x 1 
300 
CoM 
+5 
3-State 
Separate 
22 
578 
84 
Am9140D 
4096 x 1 
250 
C 
+5 
3-State 
Separate 
22 
578 
84 
Am9140E 
4096 xl 
200 
C 
+5 
3-State 
separate 
22 
578 
84 


Am91L40A 
4096 xl 
500 
C,M 
+5 
3-Slale 
Separate 
22 
367 
72 
Am91L40B 
4096 xl 
400 
C, M 
+5 
3-State 
Separate 
22 
367 
72 
Am91L40C 
4096 xl 
300 
C,M 
+5 
3-State 
Separate 
22 
367 
72 
Am91L40D 
4096 xl 
250 
C 
+5 
3-State 
Separate 
22 
367 
72 
Am9141A 
4096 xl 
500 
CoM 
+5 
3-State 
Separate 
22 
578 
84 
Am9141B 
4096 x 1 
400 
C,M 
+5 
3-State 
Separate 
22 
578 
84 


6-3 


MOS MEMORY SELECTION GUIDE 


STATIC R/W RANDOM-ACCESS MEMORIES 


Maximum 
Data I/O 
Operating 
Standby 


Part 
Organi- 
Access 
Temp. 
Supply 
Config- 
Package 
Power 
Power 
Number 
zation 
Time (ns) 
Range 
Voltage 
Outputs 
uration 
Pins 
Max (mW) 
Max (mW) 


Am9141C 
4096 x 1 
300 
C,M 
+5 
3-State 
Separate 
22 
578 
84 
Am9141D 
4096 x 1 
250 
C 
+5 
3-State 
Separate 
22 
578 
84 
Am9141E 
4096 x 1 
200 
C 
+5 
3-State 
Separate 
22 
578 
84 
Am91L41A 
4096 x 1 
500 
C, M 
+5 
3-State 
Separate 
22 
367 
72 
Am91L41B 
4096 x 1 
400 
C,M 
+5 
3-State 
Separate 
22 
367 
72 
Am91L41C 
4096 x 1 
300 
C,M 
+5 
3-State 
Separate 
22 
367 
72 


Am91L41D 
4096 x 1 
250 
C 
+5 
3-State 
Separate 
22 
367 
72 


Am9044B 
4096 x 1 
450 
C,M 
+5 
3-State 
Separate 
1.8 
385 


Am9044C 
4096 x 1 
300 
C, M 
+5 
3-State 
Separate 
18 
385 


Am9044D 
4096 x'1 
250 
C, M 
+5 
3-State 
Separate 
18 
385 


Am9044E 
4096 x 1 
200 
C 
+5 
3-State 
Separate 
18 
385 


Am9244B 
4096 x 1 
450 
C, M 
+5 
3-State 
Separate 
18 
385 
165 } 
Am9244C 
4096 x 1 
300 
C,M 
+5 
3-State 
Separate 
18 
385 
165 
11 
Am9244D 
4096 x 1 
250 
C,M 
+5 
3-State 
Separate 
18 
385 
165 
Am9244E 
4096 x 1 
200 
C 
+5 
3-State 
Separate 
18 
385 
165 


Am90L44B 
4096 x 1 
450 
C,M 
. +5 
3-State 
Separate 
18 
275 


Am90L44C 
4096 x 1 
300 
C,M 
+5 
3-State 
Separate 
18 
275 


Am90L44D 
4096 x 1 
250 
C 
+5 
3-State 
Separate 
18 
275 


Am92L44B 
4096 x 1 
450 
C,M 
+5 
3-State 
Separate 
18 
275 
110} 
Am92L44C 
4096 x 1 
300 
C,M 
+5 
3-State 
Separate 
18 
275 
110 
11 
Am92L44D 
4096 >r1 
250 
C 
+5 
3-State 
Separate 
18 
275 
110 


Am9147-70 
4096 x 1 
70 
C, M 
+5 
3-State 
Separatll 
18 
990 
165} 
Am9147-55 
4096 x 1 
55 
C 
+5 
3-State 
Separate 
18 
990 
165 
11 


l1Automatic 
power down with chip select. 


DYNAMIC R/W RANDOM-ACCESS MEMORIES 


Maximum 
Oper- 
Standby 
Access 
ating 
Data 110 
Refresh 
Power- 


Part 
Organi- 
Time 
Temp. 
Supply 
Power 
Config- 
Package 
Time 
Max. 


Number 
zation 
(ns) 
Range 
Voltages 
(mW) 
Outputs 
uration 
Pins 
(ns) 
(mW) 


Am9050C 
4096 x 1 
300 
C 
-5, 
+12 
750 
Open Drain 
Bussed 
18 
2.0 
3.0 
Am9050D 
4096 x 1 
250 
C 
-5, 
+12 
750 
Open Drain 
Bussed 
18 
2.0 
3.0 
Am9050E 
4096 x 1 
200 
C 
-5, 
+12 
750 
Open Drain 
Bussed 
18 
2.0 
3.0 
Am9060C 
4096 x 1 
300 
C 
±5, 
+12 
750 
3-State 
Separate 
22 
2.0 
3.0 
Am9060D 
4096 x 1 
250 
C 
±5, 
+12 
750 
3-State 
Separate 
22 
2.0 
3.0 
Am9060E 
4096 x 1 
200 
C 
±5, 
+12 
750 
3-State 
Separate 
22 
2.0 
3.0 
Am90L50C 
4096 x 1 
300 
C 
-5, 
+12 
396 
Open Drain 
Bussed 
18 
2.0 
3.0 
Am90L50D 
4096 x 1 
250 
C 
-5, 
+12 
396 
Open Drain 
Bussed 
18 
2.0 
3.0 
Am90L50E 
4096 x 1 
200 
C 
-5, 
+12 
396 
Open Drain 
Bussed 
18 
2.0 
3.0 
Am90L60C 
4096 x 1 
300 
C 
±5, 
+12 
396 
3-State 
Separate 
22 
2.0 
3.0 
Am90L60D 
4096 x 1 
250 
C 
±5, 
+12 
396 
3-State 
Separate 
22 
2.0 
3.0 
Am90L60E 
4096 x 1 
200 
C 
±5, 
+12 
396 
3-State 
Separate 
22 
2.0 
3.0 
Am9016C 
16384 x 1 
300 
C 
±5, 
+12 
480 
3-State 
Separate 
16 
2.0 
20.0 
Am9016D 
16384 x 1 
250 
C 
±5, 
+12 
480 
3-State 
Separate 
16 
2.0 
20.0 
Am9016E 
16384 x 1 
200 
C 
±5, 
+12 
480 
3-State 
Separate 
16 
2.0 
20.0 
Am9016F 
16384 x 1 
150 
C 
±5, 
+12 
480 
3-State 
Separate 
16 
2.0 
20.0 


READ-ONLY MEMORIES 


Part 
Access Time 
Supply 
Operating Power- 


Number 
Organization 
(ns) 
Temp. Range 
Voltages 
Max. (mW) 
Outputs 


C8316A 
2048 x 8 
850 
C 
+5 
514 
3-State 
C8316E 
2048 x 8 
450 
C 
+5 
499 
3-State 
Am9208B 
1024 x 8 
400 
C,M 
+5, +12 
620 
3-State 


Am9208C 
1024 x 8 
300 
C,M 
+5, +12 
620 
3-State 


Am9208D 
1024 x 8 
250 
C 
+5, +12 
700 
g-State 


Am9214 
512 x 8 
500 
C,M 
+5 
263 
3-State 


Am9216B 
2048 x 8 
400 
C,M 
+5, +12 
660 
3-State 


Am9216C 
2048 x 8 
300 
C 
+5, +12 
700 
3-State 


Am9217A 
2048 x 8 
550 
C, M 
+5 
367 
3-State 
Am9217B 
2048 x 8 
450 
C,M 
+5 
367 
3-State 


Arn9218B 
2048 x 8 
450 
C, M 
+5 
367 
3-State 
Am9218C 
2048 x 8 
350 
C 
+5 
367 
3-State 


Am9232 
4096 x 8 
350 
C,M 
+5 
500 
3-State 


ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


Part 
Access Time 


Number 
Organization 
(nsec) 


Am 1702A 
256 x 8 
1000 


Am170~A-1 
256 x 8 
550 


Am1702A-2 
256 x 8 
650 


Am 1702AL 
256 x 8 
1000 


Am 1702AL-1 
256 x 8 
550 


Am 1702AL-2 
256 x 8 
650 


Am2708 
1024 x 8 
450 
··Am2716 
2048 x 8 
450 


····Am2732 
4192x8 
450 


Temp. Range 


C, E 
C, E 
C, E 
C, E 
C, E 
C, E 
C,M 
C 
C 


Supply 
Voltages 


-9V, 
+5V 
-9V, 
+5V 
-9V, 
+5V 
-9V, 
+5V 
-9V, 
+5V 
-9V, 
+5V 
+5V, +12V, -5V 
+5V 
+5V 


Operating Power- 
Max. (mW) 


676 
676 
676 


Outputs 


3-State 
3-State 
3-State 
3-State 
3-State 
3-State 
3-State 
3-State 
3-State 


• 
High density 
16k x 1 organization 
• 
Direct 
replacement 
for 
M K4116 
• 
Low maximum 
power 
dissipation 
- 
462mW 
active, 
20mW standby 
• 
High speed operation 
- 
150ns access, 320ns cycle 
• 
±10% tolerance 
on standard 
+12, +5, -5 
voltages 
• 
TTL 
compatible 
interface 
signals 


• 
Three-state 
output 
• 
RAS only, 
RMW and Page mode clocking 
options 
• 
128 cycle 
refreshing 
• 
Unlatched 
data output 
• 
Standard 
16-pin, 
_3 inch wide dual in-line 
package 
• 
Double 
poly 
N-channel 
silicon 
gate MOS technology 
• 
100% M I L·STD-883 
reliabil ity assurance testing 


GENERAL 
DESCRIPTION 


The 
Am9016 
is a high 
speed, 
16k-bit, 
dynamic, 
read/write 
random 
access memory. 
It 
is organized 
as 16,384 
words 
by 


1 bit 
per word 
and 
is packaged 
in a standard 
16-pin 
DIP. The 


basic 
memory 
element 
is a single 
transistor 
cell 
that 
stores 
charge on a small 
capacitor. 
This 
mechanism 
requires 
periodic 
refreshing 
of the memory 
cells to maintain 
stored 
information. 


All input 
signals, including 
the two 
clocks, 
are TTL 
compatible. 


The 
Row 
Address 
Strobe 
(RAS) 
loads the row address and the 


Column 
Address 
Strobe 
(CAS) 
loads the column 
address_ The 
row 
and 
column 
address 
signals 
share 
7 input 
lines. 
Active 
cycles are initiated 
when 
RAS goes low, 
and standby 
mode 
is 
entered 
when 
RAS goes high. 
In addition 
to 
normal 
read and 
write 
cycles, 
other 
types of operations 
are available 
to improve 


versatility, 
performance, 
and power 
dissipation. 


The three-state 
output 
buffer 
turns 
on when the column 
access 


time 
has elapsed and turns 
off 
after 
CAS goes high. 
Input 
and 
output 
data are the same polarity. 


MUX 


ADDRESS 


INPUT 


BUFFERS 
(7) 


128 
I 


ROW 
I 


LINES 
I 
I 


10F2 
DATA 
BUS 


SELECT 


DUMMY 
CELLS 


64 
COLUMN 
SELECTUNES 


Ambient 
Package 
Access 
Time 


Temperature 
Type 
300ns 
250ns 
200ns 
150ns 


Hermetic 
DIP 
AM9016CDC 
AM9016DDC 
AM9016EDC 
AM9016FDC 
O°C", 
TA 
", 
+70°C 


Molded 
DIP 
AM9016CPC 
AM9016DPC 
AM9016EPC 
AM9016FPC 


CONNECTION 
DIAGRAM 


VBB 
VSS 


01 
CAS 
AO-A6 
ADDRESS 
INPUTS 
CAS 
COLUMN 
ADDRESS STROBE 


WE 
DO 
DI 
DATA 
IN 


RAS 
A. 
DO 
DATA OUT 


RAS 
ROW ADDRESS STROBE 


AO 
A3 
VDD 
POWER (+12V) 


A2 
A' 
VCC 
POWER (+5V) 


Al 
AS 
VSS 
GROUND 


VBB 
POWER (-5V) 


voo 
vcc 
WE 
WRITE 
ENABLE 


Top View 


Pin 1 is marked 
for 
orientation. 


MAXIMUM 
RATINGS 
beyond 
which 
useful 
life may 
be impaired 


Storage 
Temperature 


Ambient 
Temperature 
Under 
Bias 


Voltage 
on Any 
Pin Relative 
to VBB 


VDD 
and 
VCC 
Supply 
Voltages 
with 
Respect 
to VSS 


VBB 
- 
VSS 
(VDD 
- 
VSS > OV) 


Power 
Dissipation 


-65°C 
to +150°C 


O°C to +70°C 


-O.5V 
to +20V 


-1.0V 
to +15.0V 


OV 


1.0W 


Short 
Circuit 
Output 
Current 
50mA 


The 
products 
described 
by this 
specification 
include 
internal 
circuitry 
designed 
to protect 
input 
devices 
from 
damaging 
accumulation 
of 


static 
charge. 
It is suggested 
nevertheless, 
that conventional 
precautions 
be observed 
during 
storage, 
handling, 
and use in order 
to avoid 
exposure 
to excessive 
voltages. 


Ambient 
Temperature 


O°C '" TA '" +70°C 


Am9016X 


Typ. 
Max. 


VOH 
Output HIGH Vo~age 
IOH = -5.0mA 
2.4 
VCC 
Vo~s 


VOL 
Output LOW Vo~age 
IOL = 4.2mA 
VSS 
0.40 
Volts 


VIH 
Input HIGH Vo~age lor Address, Data In 
2.4 
7.0 
Volts 


VIHC 
Input HIGH Vo~age lor CAS, RAS, WE 
2.7 
7.0 
Vo~s 


VIL 
Input LOW Voltage 
-1.0 
O.BO 
Volts 


IIX 
Input Load Current 
VSS'" 
VI '" 7V 
-10 
10 
p.A 


IOZ 
Output Leakage Current 
VSS '" VO '" VCC, Output OFF 
-10 
10 
p.A 


ICC 
VCC Supply Current 
Output OFF (Note 4) 
-10 
10 
p.A 


Standby, RAS •• VIHC 
100 
IBB 
VBB Supply Current, Average 
p.A 


Operating, 
Minimum Cycle Time 
200 


Operating 
1001 
RAS Cycling, CAS Cycling, 
35 
Minimum Cycle Times 


Page Mode 
1004 
RAS '" VIL, CAS Cycling, 
27 
100 
VOO Supply Current, Average 
Minimum Cycle Times 
mA 


RAS Only 
1003 
RAS Cycling, CAS •• VIHC, 
27 
Relresh 
Minimum Cycle Times 


I 
Standby 
1002 
RAS •• VIHC 
1.5 


CI 
Input Capacitance 


RAS, CAS, WE 
Inputs at OV, 1= 
1MHz, 
10 


Address, 
Data In 
Nominal Supply Vo~ages 
5.0 
pF 


CO 
Output Capacitance 
Output OFF 
7.0 


Am9016 


SWITCHING 
CHARACTERISTICS 
over operating range (Notes 2. 3. 5. 10) 


Am9016C 
Am9016D 


Parameters 
Description 
Min 
Max 
Min 
Max 


Am9016E 


Min 
Max 


Am9016F 


Min 
Max 


tAR 
RAS LOW to Column Address Hold Time 
200 
160 
120 
95 
ns 


tASC 
Column Address Set-up Time 
10 
-10 
-10 
10 
ns 


tASR 
Row Address Set-up Time 
0 
0 
0 
0 
ns 


tCAC 
Access Time from CAS (Note 6) 
185 
165 
135 
100 
ns 


tCAH 
CAS LOW to Column Address 
Hold Time 
85 
75 
55 
45 
ns 


tCAS 
CAS Pulse Width 
185 
10.000 
165 
10.000 
135 
10.000 
100 
10.000 
ns 


tCP 
Page Mode CAS Precharge Time 
100 
100 
80 
pO 
ns 


tCRP 
CAS to RAS Precharge Time 
20 
-20 
20 
20 
ns 


tCSH 
CAS Hold Time 
300 
250 
200 
150 
ns 


tCWD 
CAS LOW to WE LOW Delay (Note 9) 
145 
125 
95 
70 
ns 


tCWL 
WE LOW to CAS HIGH Set-up Time 
100 
85 
70 
50 
ns 


tDH 
CAS LOW or WE LOW to Data In Valid 
85 
Hold Time (Note 7) 
75 
55 
45 
ns 


tDHR 
RAS LOW to Data In Valid Hold Time 
200 
160 
120 
95 
ns 


IDS 
Data In Stable to CAS LOW or 
0 
WE LOW Set-up Time (Note 7) 
0 
0 
0 
ns 


tOFF 
CAS HIGH to Output OFF Delay 
0 
60 
0 
60 
0 
50 
0 
40 
ns 


tPC 
Page Mode Cycle Time 
295 
275 
225 
170 
ns 


tRAC 
Access Time from RAS (Note 6) 
300 
250 
200 
150 
ns 


tRAH 
RAS LOW to Row Address Hold Time 
45 
35 
25 
20 
ns 


tRAS 
RAS Pulse Width 
300 
10.000 
250 
10.000 
200 
10.000 
150 
10.000 
ns 


tRC 
Random Read or Write Cycle Time 
460 
410 
375 
320 
ns 


tRCD 
RAS LOW to CAS LOW Delay (Note 6) 
35 
115 
35 
85 
25 
65 
20 
50 
ns 


tRCH 
Read Hold Time 
0 
0 
0 
0 
ns 


tRCS 
Read Set-up Time 
0 
0 
0 
0 
ns 


tREF 
Refresh Interval 
2 
2 
2 
2 
ms 


tRMW 
Read Modify Write Cycle Time 
600 
500 
405 
320 
ns 


tRP 
RAS Precharge Time 
150 
150 
120 
100 
ns 


tRSH 
CAS LOW to RAS HIGH Delay 
185 
165 
135 
100 
ns 


tRWC 
ReadIWrite 
Cycle Time 
525 
425 
375 
320 
ns 


tRWD 
RAS LOW to WE LOW Delay (Note 9) 
260 
210 
160 
120 
ns 


tRWL 
WE LOW to RAS HIGH Set-up Time 
100 
85 
70 
50 
ns 


tT 
Transition Time 
3 
50 
3 
50 
3 
50 
3 
35 
ns 


tWCH 
Write Hold Time 
85 
75 
55 
45 
ns 


tWCR 
RAS LOW to Write Hold Time 
200 
160 
120 
95 
ns 


tWCS 
WE LOW to CAS LOW Set-up Time 
-20 
-20 
-20 
(Note 9) 
-20 
ns 


tWP 
Write Pulse Width 
85 
75 
55 
45 
ns 


NOTES 


1. Typical 
values 
are for TA = 25'C, 
nominal 
supply vo~ages and 


nominal processing 
parameters. 
2. Signal transition times are assumed to be 5ns. Transition times are 


measured 
between specified high and low logic levels. 
3. Timing 
reference 
levels for both input and output signals are the 


specified worst-case 
logic levels. 
4. VCC is used in the output buffer only. ICC will therefore depend only 


on leakage current and output loading. When the output is ON and 
at a logic high level, VCC is connected to the Data Out pin through 
an equivalent 
resistance of approximately 
135ft 
In standby mode 


VCC may be reduced to zero without affecting stored data or refresh 
operations. 


5. Output loading is two standard TTL loads plus 100pF capacitance. 
6. Both RAS and CAS must be low to read data. Access timing will 
depend on the relative positions of their falling edges. When tRCD is 
less than the maximum value shown, access time depends on RAS 
and tRAC govems. When tRCD is more than the maximum value 
shown 
access 
time depends 
on CAS 
and tCAC 
govems. 
The 


maximum 
value listed for tRCD is shown for reference 
purposes 


only and does not restrict operation of the part. 


7. Timing 
reference 
points for data input set-up and hold times will 


depend on what type of write cycle is being performed 
and will be 


the later falling edge of CAS or WE. 
8. At least eight initialization cycles that exercise RAS should be per- 


formed after power-up and before valid operations 
are begun. 


9. The tWCS. tRWD and·tCWD 
parameters 
are shown for reference 


purposes only and do not restrict the operating flexibility of the part. 
When the falling edge of WE follows the falling edge of CAS by at 
most tWCS, the data output buffer will remain off for the whole cycle 
and an "early write" cycle is defined. When the falling edge of WE 
follows the falling edges of RAS and CAS by at least tRWD and 
tCWD 
respectively. 
the Data Out from the addressed 
cell will be 


valid at the a~ 
time and a "read/write" 
cycle is defined. 
The 


falling edge of WE may also occur at intermediate 
positions, but the 


condition and validity of the Data Out signal will not be known. 


10. Switching characteristics 
are listed in alphabetical 
order. 


11. All vo~ages referenced to VSS. 


SWITCHING 
WAVEFORMS 


READ 
CYCLE 


.'CAC={_ 


DO 
-----------------------_ 
VAllO 
DATA 


-------- 


'OS'OHJ- 


01 
INPUT STAB" 


t~·.,.., 
L,",~ 


IV'HI 
~ 
ADDR:~---------'-"-"=_~"-~ 


IAAS----------------··-----lr~ 


-i--~"'f1-, e-j'--- 


I 
I 


'RCH_~ 


~-'DS 
'DH~ 


~ 
INPUTSTABLE~ 


The 
Am9016 
electrical 
connections 
are such that 
if power 
is 
applied 
with the device installed 
upside down it will be perma- 
nently 
damaged_ 
Precautions 
should 
be taken 
to avoid 
this 
mishap. 


OPERATliG 
CYCLES 


Random 
read 
operations 
from any location 
hold the WE line 
high and follow this sequence 
of events: 


1) The row address 
is applied 
to the address inputs and RAS is 
switched 
low. 
2) After 
the 
row address 
hold 
time 
has elapsed, 
the column 


address 
is applied to the address 
inputs and CAS is switched 
low. 
3) Followirg 
the access time, the output 
will turn on and valid 
read data will be present. 
The data will remain valid as long 


as CAS is low. 


4) CAS and RAS are then switched 
high to end the operation. 
A new cycle 
cannot 
begin until 
the 
precharge 
period 
has 
elapsed. 


Random 
write 
operations 
follow 
the same sequence 
of events, 
except 
that the WE line is low for some portion 
of the cycle. 
If 


the 
data 
to be written 
is available 
early 
in the 
cycle, 
it will 


usually 
be convenient 
to simply 
have WE low for the whole 
write operation. 


Sequential 
Read and Write operations 
at the same location 
can 
be designed to save time because re-addressing 
is not necessary. 


A read/write 
cycle holds WE high until a valid read is established 
and then strobes 
new data in with the fall ing edge of WE. 


After the power 
is first applied 
to the device, the internal 
cir- 


cuit 
requires 
execution 
of at least eight 
initialization 
cycles 
which exerpise 
RAS before 
valid memory 
accesses are begun. 


14 address 
bits are required 
to select one location 
out of the 
16,384 
cells in the 
memory. 
Two groups 
of 7 bits each 
are 
multiplexed 
onto 
the 
7 address 
lines 
and 
latched 
into 
the 
internal 
address 
registers. 
Two 
negative-going 
external 
clocks 
are used to control 
the multiplexing. 
The Row Address Strobe 
(RAS) 
enters 
the 
row address 
bits and the 
Column 
Address 
Strobe 
(CAS) enters the column 
address bits. 


When 
RAS is inactive, 
the memory 
enters 
its low power stand- 
by mode. 
cDnce the row address 
has been latched, 
it need not 


be changed 
for 
successive 
operations 
within 
the 
same row, 
allowing high-speed 
page-mode 
operations. 


Page-mode 
operations 
first establish 
the row address 
and then 


maintain 
RAS low while CAS is repetitively 
cycled 
and desig- 
nated 
operations 
are performed. 
Any 
column 
address 
within 
the selected 
row may be accessed 
in any sequence. 
The maxi- 
mum time that 
RAS can remain 
low is the factor 
limiting the 
number 
of page-mode 
operations 
that can be performed. 


Multiplexed 
addressing 
does not introduce 
extra 
delays 
in the 
access path. 
By inserting 
the row address first and the column 
address 
second, 
the 
memory 
takes advantage 
of the fact that 


the 
delay 
path 
through 
the 
memory 
is shorter 
for column 


addresses. 
The column 
address does not propagate 
through 
the 
cell matrix 
as the row address 
does and it can therefore 
arrive 
somewhat 
l~ter than 
the 
row address 
without 
impacting 
the 
access time. 


The Am9016 
is a dynamic 
memory 
and each cell must be re- 


freshed 
at least once every refresh interval in order to maintain 


the cell contents. 
Any operation 
that 
accesses a row serves to 


refresh 
all 128 cells in the row. Thus the refresh 
requirement 


is met 
by accessing 
all 128 rows at least once 
every 
refresh 
interval. 
This may 
be accomplished, 
in some applications, 
in 


the 
course 
of 
perform ing normal 
operations. 
Alternatively, 


special 
refresh 
operations 
may 
be 
initiated. 
These 
special 
operations 
could 
be simply additional 
conventional 
accesses or 


they 
could 
be "RAS-only" 
cycles. Since only the rows need to 


be addressed, 
CAS may be held high while 
RAS is cycled and 


the appropriate 
row addresses 
are input. 
Power 
required 
for 


refreshing 
is minimized 
and simplified 
control 
circuitry 
will 


often be possible. 


DATA INPUT/OUTPUT 


Data is written 
into a selected 
cell by the combination 
of WE 
and CAS while RAS is low. The later negative transition 
of WE 
or CAS strobes 
the 
data 
into the internal 
register. 
In a write 


cycle, if the WE input 
is brought 
low prior to CAS, the data is 
strobed 
by CAS, and the set-up 
and hold times are referenced 


to CAS. If the cycle 
is a read/write 
cycle then the data set-up 


and hold times are referenced 
to the negative edge of WE. 


In the 
read cycle 
the 
data 
is read 
by maintaining 
WE in the 


high 
state 
throughout 
the 
portion 
of the 
memory 
cycle 
in 
which 
CAS is low. The selected 
valid data will appear 
at the 


output 
within 
the specified 
access time. 


DATA OUTPUT 
CONTROL 


Any time CAS is high the data output 
will be off. The output 


contains 
either 
one or zero during 
read cycle after 
the access 


time has elapsed_ Data remains valid from the access time until 
CAS is returned 
to the high state. The output 
data is the same 
polarity 
as the input data. 


The user can control 
the output 
state 
during 
write operations 


by controlling 
the 
placement 
of the WE signal. 
In the "early 
write" 
cycle 
(see note 
9) the 
output 
is at a high impedance 
state throughout 
the entire cycle. 


POWER CONSIDERATIONS 


RAS and/or 
CAS can 
be decoded 
and 
used as a chip select 


signal for the Am9016 
but overall system 
power is minimized 


if RAS is used 
for this 
purpose. 
The devices 
which 
do not 
receive 
RAS 
will be in low power 
standby 
mode 
regardless 
of the state of CAS. 


At all times 
the 
Absolute 
Maximum 
Rating 
Conditions 
must 
be 
observed. 
During 
power 
supply 
sequencing 
VBB should 


never be more positive than VSS when power is applied 
to VDD. 


TYPICAL CHARACTERISTICS 


Typical Access Time 
Typical Access Time 
Typical Access Time 
(Normalized) 
(Normalized) 
(Normalized) 
tRAC Versus VOO 
tRAC Versus VBB 
tRAC Versus VCC 
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VDD SUPPLY VOLTAGE - 
VOLTS 
VBB - 
VOLTS 
VCC - 
VOLTS 


Typical Access Time 
(Normalized) 
tRAC Versus 
Typical Operating Current 
Typical Standby Current 


Case Temperature 
1001 Versus VOO 
1002 Versus VOO 
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TYPICAL CHARACTERISTICS 
(Cont.) 


Input Voltage Levels 
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Am9044 • Am9244 
4096 x 1 Static R/W Random Access Memory 


DISTINCTIVE CHARACTERISTICS 


• 
LOW OPERATING POWER (MAX) 
Am9044/Am9244 
385mW (70mA) 


Am90L44/Am92L44 
275mW (50mA) 


• 
LOW STANDBY POWER (MAX) 
Am92L44 
110mW (20mA) 


• 
Access times down to 200ns (max) 
• 
Military temperature range available to 250ns (max) 
• 
Am9044 is a direct plug-in replacement for 4044 
• Am9244 pin and function compatible with Am9044 and 


4044 plus CS power down feature 
• 
Fully static - no clocking 
• 
Identical access and cycle time 
• 
High output drive - 
4.0mA sink current @ OAV 
• TTL identical interlace logic levels 
• 
100', MIL-STD-883 reliability assurance testing 


A, 


A, 


Ao 
ROW 
SELECT 
A, 


A, 


A. 


DIN 
11 


MEMORY 
ARRAY 
64 ROWS 
64 COLUMNS 


The Am9044 and Am9244 are high performance. static. N- 
Channel, read/write. random access memories organized as 
4096 x 1. Operation is from a single 5V supply. and all input 
output levels are identical to standard TTL specifications Low 
power versions of both devices are available with power sav- 
ings of about 300. 
The Am9044 and Am9244 are the same 


except that the Am9244 offers an automatic CS power down 
feature. 


The Am9244 remains in a low power standby mode as long 
as CS remains high, thus reducing its power requirements. 
The Am9244 power decreases from 385mW to 165mW in the 
standby mode, and the Am92L44 from 275mW to 110mW. The 
CS input does not affect the power dissipation of the Am9044. 


Data readout is not destructive and the same polarity as data 
input. CS provides for easy selection of an individual package 
when the outputs are OR-tied. The outputs of 4.0mA for 
Am9244 and Am9044 provide increased short circuit current for 
improved compacitive drive. 


ADDRESS 
0 
vcc 


ADDRESS 
1 
ADDRESS 
6 


ADDRESS 
2 
ADDRESS 
7 


ADDRESS 
3 
ADDRESS 
8 


ADDRESS 
4 
ADDRESS 
9 


ADDRESS 
5 
ADDRESS 
10 


DATA OUT 
ADDRESS 
11 


WRITE 
ENABLE 
DATA IN 


GND (VSS) 
CHIP SElECT 


Top View 
Pin 1 is markedfor orientation. 


Access 
Times 
ICC 
Am9044 
Am9244 
Ambient 
Package 
Current 


Temperature 
Type 
Level 
450n5 
300n5 
250n5 
200n5 
450n5 
300n5 
250n5 
200n5 


70mA 
AM9044BPC 
AM9044CPC 
AM90440PC 
AM9044EPC 
AM9244BPC 
AM9244CPC 
AM9244DPC 
AM9244EPC 


PlastiC 
AM90L449PC 
AM90L.44CPC 
AM92L44BPC 
AM92L44CPC 
AM92l44DPC 
o"'c", 
TA 
:!.i +70 


QC 
SOmA 
AM9QL44DPC 


70mA 
AM90448DC 
AM9044COC 
AM9044DDC 
AM9044EDC 
AM9244BDC 
AM9244CDC 
AM9244DDC 
AM9244EDC 


Hermetic 
SOmA 
AM90L44BDC 
AM90L44COC 
AM90L44DDC 
AM92L44BOC 
AM92L44COC 
AM92L44QOC 


90mA 
AM9044BDM 
AM9044CDM 
AM9044DDM 
AM9244BDM 
AM9244CDM 
AM9244DDM 
-55~C 
••• TA 
:os;; +125°C 
Hermetic 


60mA 
AM90L44BDM 
AM90L44CDM 
AM92L44BDM 
AM92L44CDM 


MAXIMUM 
RATINGS 
beyond 
which 
useful 
life may 
be impaired 


Storage 
Temperature 


Ambient 
Temperature 
Under 
Bias 


VCC 
with 
Respect 
to VSS 


All Signal 
Voltages 
with 
Respect 
to VSS 


Power 
Dissipation 
(Package 
Limitation) 


I 


DC Output 
Current 


- 65°C 
to + 150 C 


- 55°C 
to + 125 C 


-0.5V 
to + 7.0V 


-0.5V 
to + 7.0V 


1.0W 


10mA 


The 
products 
described 
by this 
specification 
include 
internal 
circuitry 
designed 
to protect 
input 
devices 
from 
damaging 
accumulations 


of static 
charge. 
It is suggested 
nevertheless, 
that 
conventional 
precautions 
be observed 
during 
storage, 
handling 
and 
use 
in order 
to 


avoid 
exposure 
to excessive 
voltages. 


Am9044DCIPC 
Am9044DM 


Am90L44D~/PC 


O°C '" TA '" 
+70°C 
OV 
+5.0V 
:<:10'/i 
Am90L44DM 
-55°C'" 
TA '" +125°C 
OV 
+5.0V 
:<:10'; 


Am8244DCrC 
Am9244DM 


Am92L44D 
IPC 
Am92L44DM 


Am9244XX 


Am92L44XX 
Am9044XX 
Am90L44XX 


VOH = 204V 
I VCC = 45V 
170°C 
-1.0 
-1.0 
10H 
Output High Current 


I 
VCC = 4.5V 
I 125°C 


mA 
VOH = 204V 
-A 
-A 


putput Low Current 
I TA = +70°C 
4.0 
4.0 
10L 
VOL=Oo4V 
mA 


I TA ~ +125°C 
3.2 
3.2 


VIH 
Input High Voltage 
2.0 
VCC 
2.0 
VCC 
Volts 


VIL 
Input Low Voltage 
-0.5 
0.8 
-0.5 
0.8 
Volls 


IIX 
Input Load Current 
VSS'" 
VI '" VCC 
10 
10 
J.LA 


Oo4V",VO"'VCC 
I TA~+125°C 
-50 
50 
-50 
50 
10Z 
Output Leakage Current 
Output Disabled 
I TA=+70°C 


J.LA 
-10 
10 
-10 
10 


CI 
Input Capacitance (Note 1) 
Test Frequency = 1.0MHz 
3.0 
5.0 
3.0 
5.0 


TA = 25°C, All pins at OV 
5.0 
6.0 
5.0 
6.0 
pF 
CliO 
1/0 Capacitance (Note 1) 


Am92L44 
Am9244 
Am90L44 
Am9044 


Typ. 
Max. 
Typ. 
Max. 
Typ. 
Max. 
Typ. 
Max. 
Units 


VCC Operating 
Max. VCC CS '" VIL 
TA = O°C 
50 
70 
50 
70 
ICC 
mA 
Supply Current 
for Am9244/92L44 
TA = -55°C 
60 
80 
60 
80 


Automatic CS Power 
Max. Vcc 
TA = O°C 
20 
30 
- 
- 


IPD 
mA 
Down Current 
(CS;;>V1H) 
TA = -55°C 
22 
33 
- 
- 


4. 
The 
internal 
write 
time 
of 
the 
memory 
is defined 
by 
the 


overlap 
of CS 
low 
and 
WE 
low. 
Both 
signals 
must 
be 
low 


to initiate 
a write 
and 
either 
signal 
can 
terminate 
a write 
by 


going 
high. 
The 
data 
input 
setup 
and 
hold 
timing 
should 
be 


referenced 
to the 
rising 
edge 
of the 
signal 
that 
terminates 


the write. 


5. 
Chip 
Select 
access 
time 
(tcol 
is 
longer 
for 
the 
Am9244 


than 
for 
the 
Am9044. 
The 
specified 
address 
access 
time 


will 
be valid 
only 
when 
Chip 
Select 
is low soon 
enough 
for 


tco 
to elapse. 


1. Typical 
values 
are 
for TA = 25°C, 
nominal 
supply 
voltage 


and 
nominal 
processing 
parameters. 


2. 
For 
testl 
purposes, 
not 
more 
than 
one 
output 
at 
a time 


should 
be 
shorted. 
Short 
circuit 
test 
duration 
should 
not 


exceed 
qO seconds. 
3. 
Test 
conditions 
assume 
signal 
transition 
times 
of 
10ns 
or 


less, 
timing 
reference 
levels 
of 
1.5V 
and 
output 
loading 
of 


one 
standard 
TTL 
gate 
plus 
100pF. 


Am9044 
• Am9244 


SWITCHING 
CHARACTERISTICS 
over 
operating 
range 
(Note 
3) 


Am9044B 


Am9244B 


Am9044C 


Am9244C 


Am9044D 
Am9244D 


Am9044E 


Am9244E 


tRC 
Address Valid to Address Do Not Care Time 
450 
300 
250 
200 
(Read Cycle Time) 


tA 
Address Valid to Data Out Valid Delay 
450 
300 
250 
200 
(Address Access Time) 
I Am9044 
100 
100 
70 
70 
tCO 
Chip Select Low to Data Out Valid (Note 5) I 


Am9244 
450 
300 
250 
200 
ns 


tCX 
Chip Select Low to Data Out On 
20 
20 
20 
20 


tOTD 
Chip Seiect High to Data Out Off 
100 
80 
60 
60 


tOHA 
Address 
Unknown to Data Out Unknown Time 
20 
20 
20 
20 


tWC 
Address Valid to Address Do Not Care Time 
450 
300 
250 
200 
(Write Cycle Time) 


Write Enable Low to 
I Am9044 
200 
150 
100 
100 
tW 
Write Enable High Time (Note 4) 
I Am9244 
250 
200 
150 
150 


tWR 
Write Enable High to Address 
Do Not Care Time 
0 
0 
0 
0 


tOTW 
Write Enable Low to Data Out Off Delay 
100 
80 
60 
60 


tOw 
Data In Valid to Write Enable High Time 
200 
150 
100 
100 


tDH 
Write Enable Low to Data In Do Not Care Time 
0 
0 
0 
0 
ns 


tAW 
Address Valid to Write Enable Low Time 
0 
0 
0 
0 


tPD 
Chip Select High to Power Low Delay (Am9244 oniy) 
200 
150 
100 
100 


tPU 
Chip Select Low to Power High Delay (Am9244 only) 
0 
0 
0 
0 


Chip Select Low to Write Enable High Time I Am9044 
200 
150 
100 
100 
tCW 
(Note 4) 
I Am9244 
250 
200 
150 
150 


tWO 
Write Enable High To Output Turn On 
100 
100 
70 
70 


~ ~------_I- 


-''"~ 


ICC 
~I- 
'-- 


TYPICAL 
CHARACTERISTICS 
, 


Typica,1ICC 
Typical tacc 
Typical C Load Versus 
Versus VCC Characteristics 
Versus VCC Characteristics 
Normalized tacc Charllcteristics 
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4,0 
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5.0 
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400 


VCC 
VCC 
CAPACITANCE LOAD - 
pF 


Normalized tacc 
Normalized ICC 


Versus Ambient Temperature 
Versus Ambient Temperature 


1,4 
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VCC ~ 5.0V 
VCC = 5,OV 


1,3 


I 
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u 
./ 
u 
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!.! 
J! 
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Figure 1. Bit Mapping Information. 


Am9114 
1024 x 4 Static R/W Random Access Memory 


DISTINCTIVE CHARACTERISTICS 


• 
Access times down to 200ns (max) 


• 
Military temperature range available to 300ns (max) 


• 
Direct plug-in replacement for 2114 


• 
Low operating power (max) 
Am9114 
525mW (100mA Icel 


Am91l14 
368mW (70mA Icel 
• 
Identical access and cycle time 
• 
Full 400mV worst-case noise immunity 
• TTL identical input/output levels 
• 
Pin compatible with industry standard 4K bipolar PROMs 
• 
Single +5V power supply 
• 
High density 18 pin package 
• 
High output drive 
3.2mA sink current @ 0.4V 
1.0mA source current @ 2.4V 
• 
100% MIL-STD-883 reliability assurance testing 


GENERAL DESCRIPTION 


The 
Am9114 
is 
a 
4096-bit 
high 
performance, 
static, 


N-channel, 
read/write, 
random 
access 
memory 
organized 


1024 words by 4 bits. Operation is from a single +5V power 
supply, and all interface levels are identical to standard TTL 
specifications. 


Common data input/output pins are provided. Readout is non- 
destructive and is the same polarity as data input. Chip Select 
(CS) provides simplified selection of an individual package when 
the outputs are OR-tied. The output of 3.2mA provides increased 
short-circuit current for improved capacitive drive. 


A low-power version, the Am91 L14, reduces power consump- 
tion by 30%. Additional power savings are available from the 
pin compatible Am9124 which provides lower operating power 
plus automatic power-down on deselection. 


ADDRESS 
6 
vcc 


ADDRESS 
5 
ADDRESS 
7 


ADDRESS 
4 
ADDRESS 
8 


ADDRESS 
3 
ADDRESS 
9 


ADDRESS 
0 
INPUT/OUTPUT 
1 


ADDRESS 
1 
INPUT/OUTPUT 
2 


ADDRESS 
2 
INPUT/OUTPUT 
3 


CHIP SELECT 
INPUT/OUTPUT 
4 


GND (VSS) 
WAITE 
ENABLE 


Access Times 


Ambient 
Package 
Power 
Temperature 
Type 
Level 
450ns 
300ns 
200ns 


STD 
Am9114BPC 
Am9114CPC 
Am9114EPC 
Molded 
LOW 
Am91L14BPC 
Am91L14CPC 


DOC'" TA '" 7DoC 
STD 
Am9114BDC 
Am9114CDC 
Am9114EDC 
Hermetic 
LOW 
Am91L14BDC 
Am91L14CDC 


STD 
Am9114BDM 
Am9114CDM 


-55°C'" 
TA '" 
+125°C 
Hermetic 
LOW 
Am91L14BDM 
Am91L14CDM 


MAXIMUM 
RATINGS 
beyond 
which 
useful 
life may 
be impaired 


Storage 
Temperature 


Ambient 
Temperature 
Under 
Bias 


Vcc 
with 
Respect 
to Vss 


All Signal 
Voltages 
with 
Respect 
to Vss 


Power 
Dissipation 
(Package 
Limitation) 


DC OutpudCurrent 


-65°C 
to +150°C 


-55°C 
to +125°C 


-0.5V 
to 
+ 7.0V 


-0.5V 
to + 7.0V 


1.0W 


10mA 


The 
products 
described 
by this 
specification 
include 
internal 
circuitry 
designed 
to protect 
input 
devices 
from 
damaging 
accumulations 


of static 
charge. 
It is suggested 
nevertheless, 
that 
conventional 
precautions 
be observed 
during 
storage, 
handling 
and 
use 
in order 
to 
avoid 
exposure 
to excessive 
voltages. 


Am9114DC/PC 
O°C •• TA •• + 70'C 
OV 
+5.0V 
±5% 
Am91L14DC/PC 


Am9114DM 
-55'C 
•• TA •• +125'C 
OV 
+5.0V 
±10% 
Am91L14DM 


Am9114 


Min. 
Typ. 
Max. 


Am91L14 


Min. 
Typ. 
Max. 
Units 


TA = 70°C, 10H = -1.0mA 
2.4 
2.4 
VOH 
Output High Voltage 
Volts 


TA = 125°C, 10H = -1.0mA 
2.2 
2.2 


TA = 125°C, 10L = 2.4mA 
0.4 
0.4 
VOL 
Output Low Voltage 
Volts 


TA = 70°C, 10L = 3.2mA 
0.4 
0.4 


VIH 
Input High Voltage 
2.0 
Vce 
2.0 
Vee 
Volts 


VIL 
Input Low Voltage 
-0.5 
0.8 
-0.5 
0.8 
Volts 


IIX 
Input Load Current 
Vss" 
VI •• Vee 
10 
10 
p.A 


Vss •• Vo •• Vee 
TA = 125°C 
-50 
50 
-50 
50 
10Z 
Output Leakage Current 
Output Disabled 
I 
TA = 70'C 
-10 
10 
-10 
10 
p.A 


10HS 
Output High Short Circuit Current 
(Note 2) 
75 
75 
mA 


TA = 25°C 
95 
65 


Ice 
Vee 
Supply Current 
MAX.Vee 
TA = O'C 
100 
70 
mA 


TA = -55·C 
110 
80 


CI 
Input Capacitance 
(Note 1) 
Test Frequency = 1.0MHz 
3.0 
5.0 
3.0 
5.0 


CIO 
I/O Capacitance 
(Note 1) 
TA = 25·C, All pins at OV 
5.0 
6.0 
5.0 
6.0 
pF 


Notes: 
1. Typical 
values 
are 
for 
TA = 25°C 
nominal 
supply 
voltage 


and 
nominal 
processing 
parameters. 
2. 
For 
test, 
purposes, 
not 'more 
than 
one 
output 
at 
a time 


should 
oe 
shorted. 
Short 
circuit 
test 
duration 
should 
not 


exceed 
30 seconds. 


3. 
Test 
conditions 
assume 
signal 
transition 
times 
of 
10ns 
or 
less, 
timing 
reference 
levels 
of 
1.5V 
and 
output 
loading 
of 


one 
standard 
TTL 
gate 
plus 
100pF. 


4. 
The 
internal 
write 
time 
of 
the 
memory 
is defined 
by 
the 


overlap 
of CS 
low 
and 
WE 
low. 
Both 
signals 
must 
be low 


to initiate 
a write 
and 
either 
signal 
can 
terminate 
a write 
by 


going 
high. 
The 
data 
input 
setup 
and 
hold timing 
should 
be 


referenced 
to the 
rising 
edge 
of the 
signal 
that 
terminates 


the write. 


Am9114 


SWITCHING 
CHARACTERISTICS 
over 
operating 
range 
(Note 
3) 


tRC 
Address Valid to Address Do Not Care Time (Red Cycle Time) 
450 
300 
200 


tA 
Address Valid to Data Out Valid Delay (Address Access Time) 
450 
300 
200 


tco 
Chip Select Low to Data Out Valid (Note 5) 
120 
100 
70 
ns 
tcx 
Chip Select Low to Data Out On 
20 
20 
20 


'oro 
Chip Select High to Data Out Off 
100 
80 
60 


IoHA 
Address Unknown to Data Out Unknown Time 
50 
50 
50 


twc 
Address Valid to Address Do Not Care Time (Write Cycle Time) 
450 
300 
200 


tw 
Write Enable Low to Write Enable High Time (Note 4) 
200 
150 
120 


tWR 
Write Enable High to Address 
Do Not Care Time 
0 
0 
0 


tOTW 
Write Enable Low to Data Out Off Delay 
100 
80 
60 
ns 
tow 
Data In Valid to Write Enable High Time 
200 
150 
120 


tOH 
Write Enable Low to Data In Do Not Care Time 
0 
0 
0 


tAW 
Address Valid to Write Enable Low Time 
0 
0 
0 


tcw 
Chip Select Low to Write Enable High Time (Note 4) 
200 
150 
120 


Im 


Address Designators 


External 
Internal 


AO 
AS 
A1 
A8 
A2 
A7 


A3 
AO 
A4 
A' 


A5 
A2 
A6 
A3 
A7 
A4 
A8 
A5 
AS 
A6 


Am9124 


1024 x 4 Static R/W Random Access Memory 


DISTINCTIVE CHARACTERISTICS 


• 
Access times down to 200ns (max) 
• 
Military temperature range available to 300ns (max) 
• 
Pin and function compatible with Am9114 and Intel 2114, plus 
automatic power down 
• 
Low operating power (max) - 
Am9124 
31SmW (60mA Icel 
Am91L24 
210mW (40mA leel 
• 
Automatic standby power (max) - 
Am9124 
10SmW (20mA leel 
Am91L24 
79mW (1SmA leel 
• 
Identical access and cycle time 
• 
TTL identical input/output levels 
• 
Full 400mV worst-case noise immunity 
• 
Pin compatible with industry standard 4K bipolar PROMs 


• 
Single +SV power supply 
• 
High density 18 pin package 
• 
High output drive - 
4.0mA sink current @ OAV 
1.0mA source current @ 2AV 
• 
100% MIL-STD-883 reliability assurance testing 


GENERAL DESCRIPTION 


The Am9124 is a 4096-bit, low-power, high performance, static, 
N-channel, read/write, random access memory organized 1024 
words by 4 bits. Operation is from a single +SV power supply, and 
all interface levels are identical to standard TTL specifications. 
The device is pin and functional compatible with the Am9114 with 
the added benefits of 40% less operating power plus automatic 
Chip Select power-down that reduces power an additional 60%. 
The supply current advantage of the Am9124 vs. the 2114/ 
Am9114 are shown in Figure 1. 


Common data input/output pins are provided. Readout is non- 
destructive and is the same polarity as data input. Chip Select 
(CS) automatically controls power-down and provides simplified 
selection of an individual package when the outputs are OR-tied. 
The output of 4.0mA provides increased short-circuit current for 
improved capacitive drive. 


ADDRESS 6 
W;C 


~ODRESS 5 
ADDRESS 7 


ADDRESS 4 
ADDRESS 8 


ADDRESS 3 
ADDRESS 9 


ADDRESS 0 
INPUT/OUTPUT 
1 


ADDRESS 1 
INPUTfDUTPUT 
2 


ADDRESS 2 
INPUT/OUTPUT 
3 


CHIP SELECT 
INPUT/OUTPUT 
•• 


GND (VSS) 
wRiTE ENABLE 


Access Times 


Ambient 
Package 
Power 
Am9124 


Temperature 
Type 
Level 
450ns 
300ns 
200ns 


STD 
Am9124BPC 
Am9124CPC 
Am9124EPC 
Molded 


LOW 
Am91L24BPC 
Am91L24CPC 


O°C •• TA •• 70°C 
STD 
Am9124BDC 
Am9124CDC 
Am9124EDC 
Hermetic 
LOW 
Am91L24BDC 
Am91L24CDC 


STD 
Am9124BDM 
Am9124CDM 
-55°C 
•• TA •• +125°C 
Hermetic 


LOW 
Am91L24BDM 
Am91L24CDM 


MAXIMUM 
RATINGS 
beyond which useful life may be impaired 


Storage Temperature 


Ambient Temperature Under Bias 


Vee with Respect to Vss 


All Signal Voltages with Respect to Vss 


Power Dissipation (Package Limitation) 


DC Output Current 


- 65°C to + 150°C 


-55°C 
to +125°C 


-0.5V 
to + 7.0V 


-0.5V 
to + 7.0V 


1.0W 


10mA 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


Am9124DC/PC 
O°C"" TA "" +70°C 
OV 
+5.0V ±5% 
Am91l24DC/PC 


Am9124DM 
-55°C"" 
TA "" +125°C 
OV 
+5.0V ±10% 
Am91l24DM 


Am9124 


Min. 
Typ. 
Max. 


Am91L24 


Min. 
Typ. 
Max. 
Units 


TA = 70°C,10H= -1.4mA 
2.4 
2.4 
VOH 
Output HighVoltage 
Volts 


TA = 125°C,10H= -1.0mA 
2.2 
2.2 


TA = 125°C,10L= 3.2mA 
0.4 
0.4 
VOL 
Output LowVoltage 
Volts 


TA = 70°C, 10L= 4.0mA 
0.4 
0.4 


VIH 
Input HighVoltage 
2.0 
Vee 
2.0 
Vee 
Volts 


VIL 
Input Low Voltage 
-0.5 
0.8 
-0.5 
0.8 
Volts 


IIX 
Input LoadCurrent 
Vss"" VI "" Vee 
10 
10 
p.A 


Vss "" Vo "" Vee 
TA = 125°C 
-50 
50 
-50 
50 
loz 
Output LeakageCurrent 
Output Disabled 
TA = 70°C 
-10 
10 
-10 
10 
p.A 


TA = O°C 
95 
95 
10HS 
Output High Short CircuitCurrent 
(Note2) 
mA 
TA = -55°C 
115 
115 


TA = 25°C 
55 
37 


Ice 
Vee OperatingSupplyCurrent 
MAX. Vee (CS "" Vld 
TA = O°C 
60 
40 
mA 


TA = -55°C 
70 
50 


MAX. Vee (CS "" VIH) 


TA = 25°C 
19 
14 
Ipo 
Vee PowerDown SupplyCurrent 
TA = O°C 
20 
15 
mA 
(Deselected) 
TA = -55°C 
22 
17 


CI 
InputCapacitance(Note 1) 
Test Frequency= 1.0MHz 
3.0 
5.0 
3.0 
5.0 


CIO 
I/O Capacitance(Note 1) 
TA = 25°C,All pins at OV 
5.0 
6.0 
5.0 
6.0 
pF 


4. The internal write time of the memory 
is defined 
by the 


overlap of CS low and WE low. Both signals must be low 
to initiate a write and either signal can terminate a write by 
going high. The data input setup and hold timing should be 
referenced to the rising edge of the signal that terminates 
the write. 


5. Chip Select access time (teo) is longer for the Am9124 
than for the Am9114/2114. 
The specified address access 


time 
will 
be valid 
only 
when 
Chip 
Select 
is low soon 


enough for teo to elapse. 


1. Typical values are for TA = 25°C nominal supply voltage 


and nominal processing parameters. 
2. For test purposes, 
not more than one output 
at a time 


should be shorted. 
Short circuit test duration should not 


exceed 30 seconds. 


3. Test conditions 
assume signal transition times of 10ns or 
less, timing reference levels of 1.5V and output loading of 
one standard TIL gate plus 100pF. 


tRC 
Address Valid to Address Do Not Care Time (Red Cycle Time) 
450 
300 
200 


tA 
Address Valid to Data Out Valid Delay (Address Access Time) 
450 
300 
200 


tco 
Chip Select Low to Data Out Valid (Note 5) 
420 
280 
185 
ns 
tcx 
Chip Select Low to Data Out On 
20 
20 
20 


ioTa 
Chip Select High to Data Out Off 
100 
80 
60 


tOHA 
Address 
Unknown to Data Out Unknown Time 
50 
50 
50 


twc 
Address Valid to Address Do Not Care Time (Write Cycle Time) 
450 
300 
200 


tw 
Write Enable Low to Write Enable High Time (Note 4) 
250 
200 
150 


tWR 
Write Enable High to Address 
Do Not Care Time 
0 
0 
0 


tOTW 
Write Enable Low to Data Out Off Delay 
100 
80 
60 


tow 
Data In Valid to Write Enable High Time 
200 
150 
120 


Write Enable Low to Data In Do Not Care Time 
ns 
tOH 
0 
0 
0 


tAW 
Address Valid to Write Enable Low Time 
0 
0 
0 
, 


tpo 
Chip Select High to Power Low Delay 
200 
150 
100 


tpu 
Chip Select Low to Power High Delay 
0 
0 
0 


tcw 
Chip Select Low to Write Enable High Time {Note 4} 
250 
200 
150 


SWITCHING 
WAVEFORMS 


READ 
CYCLE 
WRITE CYCLE 
I 
tRC 
I 
I 
tWC 
" 


ADDRESS §§I( 
~ 
m 


I 
I I'"~~"l 
CHIP 
~ 
~ 
a 
sam 


II 
II 
:-F 
~tWR 
(N~~4) 


WRITE 
'b \ 
I 


ENAm t"o~ 
=-:; 


tOTO 
I 
.OTW~tDH 
I 
tOW 
IW-<O~~,";:::..- 


DATA 
@\ 
I/O 
. 


~ 
(ADDRES~ 
ACCESS)--j 


l-!-'OHA 


MOS-265 


POWER DOWN WAVEFORM 


CHIP 
\ 
f 
SELECT 


'PU-L1 
tPD~ 


ICC 
f 
, 


MOS-266 


Average 
Worst 
Case Current 
(mA at O"C) 


Pert 
100% 
50% 
Configuration 
Number 
Duty 
Cycle 
Duty Cycle 


Am2114 
400 
400 


Am2114L 
280 
280 


2K x 8 


Am9124 
160 
120 


Am91L24 
110 
85 


Am2114 
1200 
1200 
Am2114L 
840 
840 


4K x 12 


Am9124 
360 
300 
Am92L24 
255 
217 


Am2114 
3200 
3200 
Am2114L 
2240 
2240 


8K x 16 
Am9124 
800 
720 


Am91L24 
580 
530 


Address Designators 


External 
Internal 


AO 
A9 
A1 
A8 
A2 
A7 


A3 
AO 
A4 
A1 


AS 
A2 


A6 
A3 
A7 
A4 
A8 
AS 
A9 
A6 


Figure 1. Supply 
Current 
Advantages 
of 


Am9124 vs. Am2114. 


Am9147 


• 
High speed - 
access times down to 55ns maximum 


• 4k x 1 organization 
• 
Single +5 volt power supply 


• 
Fully static storage and interface circuitry 


• 
No clocks or timing signals required 


• 
Equal access and cycle times 


• 
Automatic power-down when deselected 


• 
Low power dissipation 
- 
Am9147: OOOmWactive. OOOmWpower down 


- 
Am91L47: OOOmWactive. OOOmWpower down 


• 
Standard 18 pin•. 300 inch dual in-line package 


• 
High output drive - up to 00 standard TTL loads or 4 Schottky 
TTL loads 
• TTL compatible interface levels 
• 
100% MIL-STD-883 reliability assurance testing 


AO 


Al 
ADDRESS 
A2 
BUFFERS 


A3 
AND 
ROW 


A4 
DECODERS 


AS 


A6 


A7 
ADDRESS 


A8 
BUFFERS 
AND 


A9 
COLUMN 


AIO 
DECODERS 


All 


CS 


WE 
vcc- 
vss- 


STORAGE 
CELL 
MATRIX 
64x64 


GENERAL DESCRIPTION 


The Am9147 is a high performance. 4096-bit. static. read/write. 
random access memory. It is organized as 4096 words by 1 bit per 
word. All interface signal levels are identical to TTL specifica- 
tions. providing good noise immunity and simplified system de- 
sign. All inputs are purely capacitive MaS loads. The outputs will 
drive up to 4 standard Schottky TTL loads or up to 5 standard TTL 
loads. 


Only a single +5 volt power supply is required. When deselected 
(CS ". VIH). the Am9147 automatically enters a power-down 
mode which reduces power dissipation by more than 00%. When 
selected, the chip powers up again with no access time penalty. 


Data In and Data Out use separate pins on the standard 18-pin 
package. Data Out is the same polarity as Data In. Data Out is a 
three-state signal allowing wired-or operation of several chips. 
Data In and Data Out may be connected together for operation in 
a common data bus environment. 


CONNECTION DIAGRAM 
Top View 


ADO.RESS 
0 
vcc (+SV) 


ADDRESS 
1 
ADDRESS 
6 


ADDRESS 
2 
ADDRESS 
7 


ADDRESS 
3 
ADDRESS 
8 


ADDRESS 
4 
ADDRESS 
9 


ADDRESS 
5 
ADDRESS 
10 


DATA 
OUT 
ADDRESS 
11 


WRITE 
ENABLE 
DATA 
IN 


(GND) 
VSS 
CHIP 
SELECT 


Advanced Micro Devices 
Commitment to Excellence 


Product Assurance Programs for Military 
and Commercial Integrated Circuits 


Advanced Micro Devices was conceived on the premise that there was a place in the semiconductor community 
for a manufacturer dedicated to excellence. 


In product assurance procedures, Advanced Micro Devices is unique. Only Advanced Micro Devices processes 
all integrated circuits, commercial as well as military, to the demanding requirements of MIL-STD-883. The 
Rome Air Development Center (RADC), which is the Air Force's principal authority on component reliability, has 
issued MIL-HDBK-217B which indicates that parts processed to Military Standard 883, Level C (Advanced Micro 
Devices' standard processing) yield a product nearly ten times better in failure rates than the industry commer- 
cial average. 


Our Sunnyvale facility has been certified by the Defense Electronics Supply Center (DESC) to produce parts to 
JAN Class Band 
C under Military Specification MIL-M-38510. The National Aeronautics and Space Administra- 
tion (NASA) has certified this production line for the manufacture of Class A products for programs requiring the 
highest levels of reliability. Advanced Micro Devices is the only integrated circuit company formed within the last 
ten years to achieve such line certification. 


This brochure outlines Advanced Micro Devices' standard programs for Class B, C and A devices for military 
and commercial operating range applications. These will cover the majority of system requirements today. Alter- 
native screening flows for specific user needs can be performed on request. Check with your local sales office 
for further information. 


ADVANCED 
MICRO DEVICES' 
STANDARD 
PRODUCTS 
ARE MANUFACTURED 
TO MIL-STD-883 
REQUIREMENTS 


Advanced Micro Devices' product assurance programs are based on two key documents. 


MIL-M-38510 - 
General Specification for Microcircuits 


MIL-STD-883 - Test Methods and Procedures for Microelectronics 


The screening charts in this brochure show that every integrated circuit shipped by Advanced Micro Devices 
receives the critical screening procedures defined in MIL-STD-883, Method 5004 for Class C product. This includes 
molded plastic devices. 


In addition, documentation, design, processing and assembly workmanship guidelines are patterned after MIL-M- 
38510 specifications. 


Commercial and industrial users receive the quality and reliability benefits of this aerospace-type screening and 
documentation at no additional cost. 


1. Commercial operating range product (typically O°Cto 70°C) 
2. Commercial product with 100% temperature testing 
3. Military operating range product (typically - 55°C to + 125°C) 
4. JAN qualified product 


Categories 1, 2 and 3 are available on most Advanced Micro Devices circuits. Category 4 is offered on a more 
limited line. Check with your local sales office for details. 


Devices produced to the above testing categories are available to the three standard classes of product assurance 
defined by MIL-STD-883. As a minimum, every device shipped by Advanced Micro Devices meets the screening 
requirements of Class C. 


Class C - 
For commercial 
and ground-based 
military 
systems 
where 
replacement 
can be ac- 
complished without difficulty. 


According to MIL-HDBK-217B, this assures relative failure rates 9.4 times better than that of regu- 
lar industry commercial product. 


Class B - 
For flight applications and commercial systems where maintenance is difficult or expensive 
and where reliablity is vital. 


Devices are upgraded from Class C to Class B by burn-in screening and additional testing. 


According to MIL-HDBK-217B, Class B failure rate is improved 30 times over regular industry 
commercial product. Advanced Micro Devices Class B processing conforms to MIL-STD-883 re- 
quirements. MIL-HDBK-217B indicates that this may provide failure rates as much as two times 
better than some other manufacturers' "equivalent" or "pseudo" Class B programs. 


Class S - 
For space applications where replacement is extremely difficult or impossible and reliability 
is imperative. 


Class S screening includes x-ray and other special inspections tailored to the specific require- 
ments of the user. 


The 100% screening and quality conformance testing performed within these Advanced Micro Devices pro- 
grams is shown in TABLES I, II and III. A full description of the process flow is provided in Product Assurance 
Document 15-010, available on request. 


CLASS C SCREENING FLOW 
FOR COMMERCIAL SYSTEMS AND GROUND BASED MILITARY SYSTEMS 


TABLE I 
COMMERCIAL 
MILITARY 
CLASS C 
OPERATING 
RANGE 
OPERATING 
RANGE 
INTEGRATED 
CIRCUITS 
HERMETIC 
AND 
HERMETIC 


MOLDED 
PACKAGES 
PACKAGE 
ONLY 


C1 
C2 
C3 
C4 


Commercial 


Product 


Screening 
Procedure 
per 
MIL-STD-883 
With 
100% 


Method 
5004, 
Class 
C 
Temper- 
Jan 


Commercial 
ature 
Military 
Qualified 


Screen 
Test 
Method 
Product 
Testing 
Product 
Product 


VISUAL 
AND 
MECHANICAL 


Internal 
visual 
2010, 
Condition 
B 
1007. 
1007. 
1001)( 
100'7<' 


High 
temperature 
1008, 
Condition 
C. 


storage 
24 hours 
1007. 
100'7<' 
l009f 
1000/r 


Temperature 
cycle 
1010, 
Condition 
C 
lOW 
100'7<' 
l009f 
l00"f 


Constant 
acceleration 
2001 
1007. 
(1) 
1000/r 
(1) 
l009f 
100'7< 


Hermeticity, 
Fine 
and 
Gross 
1014 
100'7<' (1) 
100'7<' (1) 
l009f 
1000/; 


FINAL 
ELECTRICAL 
TESTS 
AMD 
Data 
AMD 
Data 
AMD 
Data 
38510 
Slash 


Sheet 
Sheet 
Sheet 
Sheet 


Static 
(de) 
a) At 25°C. 
and 
power 
I 


supply 
extremes 
1007. 
looo/r 
100Yr 
1000/r 


b) At temperature 


I 


and 
power 
supply 
extremes 
(2) 
100o/r (3) 
- 


Functional 
a) At 25°C, 
and power 


supply 
extremes 
1000/; 
100'7<' 
100% 
l009f 


b) At temperature 
and 
power 
supply 
extremes 
(2) 
100% (3) 
- 
- 


Switching 
(ac) 
At 25°C, 
nominal 


or Dynamic 
power 
supply 
(2) 
(2) 
- 
- 


QUALITY 
CONFORMANCE 
5005, 
Group 
A 


(See Table 
II) 
Sample 
Sample 
Sample 
Sample 


Sample 
Tests 
Group 
B 
- 
- 
- 
Sample 


Group 
C 
- 
- 
- 
Sample 


Group 
D 
- 
- 
- 
Sample 


EXTERNAL 
VISUAL 
2009 
(Note 
5) 
100% 
100% 
100% 
100% 


TABLE II 
GROUP A QUALITY CONFORMANCE LEVELS 
Advanced Micro Devices employs the military-recommended 
LTPD sampling system to assure quality, MIL- 
STD-883, Method 5005, TABLE I, Group A, subgroups 1 through 9 as appropriate to the device family are 
performed on every lot. Quality levels defined for Class B product are applied by Advanced Micro Devices to 
both Class B and Class C orders, 
INITIAL 


LTPD 
SAMPLE 
SIZE 


Subgroup 
1 - 
Static 
tests 
at 25°C 


Subgroup 
2 - 
Static 
tests 
at maximum 
rated 
operating 
temperature 


Subgroup 
3 - 
Static 
tests 
at minimum 
rated 
operating 
temperature 


Subgroup 
4 - 
Dynamic 
tests 
at 25°C 
- 
LINEAR 
devices 


Subgroup 
5 - 
Dynamic 
tests 
at maximum 
rated 
operating 
temperature 


- 
LINEAR 
devices 


Subgroup 
6 - 
Dynamic 
tests 
at minimum 
rated 
operating 
temperature 


- 
LINEAR 
devices 


Subgroup 
7 - 
Functional 
tests 
at 25°C 


SUbgroup 
8 - 
Functional 
tests 
at maximum 
and 
minimum 
rated 


operating 
temperatures 


SUbgroup 
9 - 
Switching 
tests 
at 25°C 
- 
DIGITAL 
devices 


Subgroup 
10 - 
Switching 
tests 
at maximum 
rated 
operating 


temperatures 
- 
DIGITAL 
devices 
SUbgroup 
11 - 
Switching 
tests 
at minimum 
rated 
operating 


temperatures 
- 
DIGITAL 
devices 


"These 
subgroups, 
where 
applicable, 
are usually 
performed 
during 
inrtial characterization 
only for all except 
JAN Qualified 
product. 


CLASS B SCREENING FLOW 
FOR HIGH RELIABILITY COMMERCIAL AND MILITARY SYSTEMS 


TABLE III 
C 
I 
( 
a 


LASS 
B 
COMMERCIAL 
MILITARY 


NTEGRATED 
CIRCUITS 
OPERATING 
RANGE 
OPERATING 
RANGE 


Class 
C plus 
burn 
in 
screening 
HERMETIC 
AND 
HERMETIC 


nd 
additional 
testing.) 
MOLDED 
PACKAGES 
PACKAGE 
ONLY 


B1 
B2 
B3 
B4 
Commercial 
Product 
Screening 
Procedure 
per 
MIL-STD-883 
With 
100% 


Method 
5004. 
Class 
B 
Temper- 
Jan 
Commercial 
ature 
Military 
Qualified 
Screen 
Test 
Method 
Product 
Testing 
Product 
Product 


VISUAL AND MECHANICAL 


Internal visual 
2010, Condition B 
100% 
100% 
100% 
100% 


High temperature 
1008, Condition C, 
storage 
24 hours 
100% 
100% 
1009i 
100% 
Temperature 
cycle 
1010, Condition C 
100% 
100% 
100% 
100% 


Constant 


acceleration 
, 
2001 
100% (1) 
100% (1) 
100% 
100% 


Hermeticity, 
Fine 


and Gross 
1014 
100% (1) 
100% (1) 
1007<, 
100<>,; 


BURN IN 
Interim (pre burn 
Per applicable 


in) electricals 
device specification 
100% 
100% 
100% 
100'70 


Burn in 
1015, 160 hours at 
125°C or equivalent.· 
100% 
100% 
100':(, 
100% 


FINAL ELECTRICAL 
TESTS 
AMD Data 
AMD Data 
AMD Data 
38510 Slash 
Sheet 
Sheet 
Sheet 
Sheet 


Static (de) 
a) At 25°C, and power 
supply extremes 
100% 
100'70 
100"i, 
100% 


b) At temperature 
and power 
supply extremes 
I· 


(2) 
100'7i (3) 
1007<, 
100'1. 


Functional 
a) At 25°C, and power 


supply extremes 
100% 
100% 
100% 
100%; 


b) At temperature 
and power 
supply extremes 
(2) 
100% (3) 
100,/;- 
100"} 


Switching 
(ac) 
At 25°C, nominal 


or Dynamic 
power supply 
(2) 
(2) 
100% 
100"} 


QUALITY CONFORMANCE 
5005, Group A 
(See Table II) 
Sample 
Sample 
Sample 
Sample 


Sample Tests 
Group B 
- 
- 
(4) 
Sample 


Group C 
- 
- 
(4) 
Sample 


Group 0 
- 
- 
(4) 
Sample 


EXTERNAL 
VISUAL 
2009 (Note 5) 
1007< 
100'7i 
100% 
100% 


Notes: 1, Not applicable to molded packages, 


2, All MOS RAMs and many other MaS devices receive a,c, testing and 100% d.c. screening at high temperature and power supply 
extremes as standard. Other products sampled at Group A (Table III). 
3. Tested at high temperature, 
100°C, only on commercial range product. Note that this is a full d.c. check of all parameters in 
addition to the simple "hot-rail" functional sequence performed on most other commercial programs. 
4. Available to special order. 
5. Without optical aid for commercial devices. 
·Unless otherwise specified on the device data sheet. 


CLASS S 
FOR AEROSPACE SYSTEMS. (FORMERLY CLASS A) 


Advanced 
Micro 
Devices 
offers 
a Class 
S program. 


This program 
together 
with other high reliability 
screening 
options, 
such as SEM and x-ray, is described 
as Option A 
in Advanced 
Micro Devices' 
Extended 
Processing 
Options 
Document 
00-003. 
Contact 
your local Advanced 
Micro 


Devices' 
sales 
office 
for more 
information. 


1. COMMERCIAL PRODUCT 


• 
Screened per MIL-STD-883, Method 5004. 


• 
Electrically tested per AMD Data Sheet. 


• 
Supplied in hermetic and molded packages. 


• 
Quality conformance testing, Method 5005, Group 
A, performed to levels specified for Class B on both 
Class C and Class B options. 


Class C (Flow C1) 


• 
Order standard AMD part number. 
• 
Marked same as order number. 
Example: Am2901ADC 


Class 8 (Flow 81) 


• 
Burn in performed in AMD circuit condition. 
• Order standard AMD part number, add suffix B (or 


/883B for 1, 2 and 300 Series Linear devices). 


• 
Marked same as order number. 
Example: Am2901ADC-B 


3. MILITARY PRODUCT 


• 
Screened per MIL-STD-883, Method 5004. 


• 
Electrically tested per AMD Data Sheet. 


• 
Supplied in hermetic package only. 
• 
Quality conformance testing, Method 5005, Group 
A, performed to levels specified for Class B on both 
Class B and Class C options. 


Class C (Flow C3) 


• 
Order standard AMD part number. 


• 
Marked same as order number. 
Example: Am2901ADM 


Class 8 (Flow 83) 


• 
Burn in performed in AMD circuit condition. 


• 
AC at 25°C, dc and functional testing at 25°C as well 
as temperature and power supply extremes per- 
formed on 100% of every lot. 


• 
Quality conformance testing, Method 5005, Groups 
B, C and D available to special order. 


• 
Order standard AMD part number, add suffix B. 
• 
Marked same as order number. 


Example: Am2901ADM-B 


2. COMMERCIAL PRODUCT WITH 100% 


TEMPERATURE TESTING 


• 
Identical to standard commercial operating range 
product with the addition of 100% dc and functional 
testing at 100°C and power supply extremes. 


Class C (Flow C2) 


• Order standard AMD part number, add suffix T. 
• 
Marked same as order number. 
Example: Am2901ADC-T 


Class 8 (Flow 82) 
• 
Burn in performed in AMD circuit condition. 


• 
Order standard AMD part number, add suffix TB. 


• 
Marked same as order number. 


Example: Am2901ADC-TB 


4. JAN QUALIFIED PRODUCT 


• 
Screened per MIL-STD-883, Method 5004. 


• 
Electrically tested to JAN detail Specification (slash 
sheet). 


• 
Manufactured 
in Defense Logistics Agency cer- 


tified facility. 
• 
Quality conformance testing, Method 5005, Groups 
A, B, C and D performed as standard and must be 
completed prior to shipment. 
. 


• 
It is a product for which AMD has gained QPL 
listing. • 


Class C (Flow C4) 


• 
Order per military document. 


• 
Marked per military document. 


Example: JM38510/44001CQB 


Class 8 (Flow 84)' 


• 
Burn in performed in circuit condition approved for 
JAN devices. 
• 
Order per military document. 


• 
Marked per military document. 


Example: JM38510/44001BAC 


'In 
certain cases where JAN Qualified 
product 
is specified 
but is not available, 
Advanced 
Micro Devices 
can provide devices 
to the 
electrical limits and burn-in criteria ofthe slash sheet. This class of product has been called JAN Equivalent and marked M3851 0/ by some 
manufacturers. 
This identification 
is no longer permitted 
by DESC. Check with your local sales office for availability 
of specific device 


types. 


PACKAGE OUTLINES 


AMO 
PIw. 
H-8-1 
H-10-1 
G-12-1 


Common 
TO-99 
TO-100 
TO-8 


Name 
Metal 
Metal 
Metal 
Can 
Can 
Can 


38510 
A-1 
A-2 
Appendix 
C 
- 


Parameters 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
.165 
.185 
.165 
.185 
.155 
.180 


e 
.185 
.215 
.215 
.245 
.390 
.410 


e1 
.090 
.110 
.105 
.125 
.090 
.110 


F 
.013 
.033 
.013 
.033 
.020 
.030 


k 
.027 
.034 
.027 
.034 
.024 
.034 


k1 
.027 
.045 
.027 
.045 
.024 
.038 


L 
.500 
.570 
.500 
.610 
.500 
.600 


L1 
.050 
.050 


L2 
.250 
.250 
a 
45 


0 8Se 
36 


0 sse 
45 


0 


<t>h 
.016 
.019 
.016 
.019 


<t>h1 
.016 
.021 
.016 
.021 
.016 
.021 


<t>O 
.350 
.370 
.350 
.370 
.590 
.610 


<t>01 
.305 
.335 
.305 
.335 
.540 
.560 


<t>02 
.120 
.160 
.120 
.160 
.390 
.410 


Q 
.015 
.045 
.015 
.045 


Notes: 
1. Standard 
lead finish is bright acid tin plate or gold plate. 
2. <j>bapplies 
between 
L, and L2. <j>b,applies 
between 
L, and 0.500" 


beyond 
reference 
plane. 
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AMDPkg. 
P-8-' 
P·'O-' 
P·'4-' 
P·'6-' 
P·'S·' 
P-20-' 
P-22-' 
P·24-' 
P-2S·' 
P-40-, 


Parameters 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max, 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min, 
Max. 


A 
.150 
.200 
.150 
.200 
.150 
.200 
.150 
.200 
.150 
.200 
.150 
.200 
.150 
.200 
.170 
.215 
.150 
.200 
.150 
.200 


b 
.015 
.022 
.015 
.020 
.015 
.020 
.015 
.020 
.015 
.020 
.015 
.020 
.015 
.020 
.015 
.020 
.015 
.020 
.015 
.020 


b, 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 
.055 
.065 


c 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
.009 
.011 
0 
.375 
.395 
.505 
.550 
.745 
.775 
.745 
.775 
.895 
.925 
1.010 
1.050 
1.080 
1.120 
1.240 
1.270 
1.450 
1.480 
2.050 
2.080 


E 
.240 
.260 
.240 
.260 
.240 
.260 
.240 
.260 
.240 
.260 
.250 
.290 
.330 
.370 
.515 
.540 
.530 
.550 
.530 
.550 


E2 
.310 
.385 
.310 
.385 
.310 
.385 
.310 
.385 
.310 
.385 
.310 
.385 
.410 
.480 
.585 
.700 
.585 
.700 
.585 
.700 


e 
.090 
.110 
.090 
.110 
.090 
.110 
:090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 


l 
.125 
.150 
.125 
.150 
.125 
.150 
.125 
.150 
.125 
.150 
.125 
.'50 
.125 
.160 
.125 
.160 
.125 
.160 
.125 
.160 


0 
.015 
.060 
.015 
.060 
.OJ5 
.060 
.015 
.060 
.015 
.060 
.015 
.060 
.015 
.060 
.015 
.060 
.015 
.060 
.015 
.060 


5, 
.010 
.030 
.040 
.070 
.040 
.065 
.010 
,040 
.030 
.040 
.025 
.055 
.015 
.045 
.035 
.065 
.040 
.070 
.040 
.070 


Notes: ,. Standard lead finish is tin plate or solder dip. 


2. Dimension 
E2 is an outside measurement. 
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---. !--S, 


0-14-3 


AMO Pkg. 
0-8-1 
0-8-2 
0-14-1 
0-14-2 
(Note 2) 
0-16-1 
0-16·2 


Common 
SIOE- 
SIOE- 
METAL 
SIOE- 
Name 
CEROIP 
BRAZED 
CEROIP 
BRAZED 
DIP 
CEROIP 
BRAZED 


38510 


Appendix 
C 
- 
- 
0-1(1) 
0-1(3) 
0-1(1) 
0-2(1) 
0-2(3) 


Parameters 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
'.130 
:200 
.100 
.200 
.130 
.200 
.100 
.200 
.100 
.200 
.130 
.200 
.100 
.200 


b 
.016 
.020 
.015 
.022 
.016 
.020 
.015 
.022 
.015 
.023 
.016 
.020 
.015 
.022 


b1 
.050 
.070 
.040 
.065 
.050 
.070 
.040 
.065 
.030 
.070 
.050 
.070 
.040 
.065 


c 
.009 
.011 
.008 
.013 
.009 
.011 
.008 
.013 
.008 
.011 
.009 
.011 
.008 
.013 
0 
.370 
.400 
.500 
.540 
.745 
.785 
.690 
.730 
.660 
.785 
.745 
.785 
.780 
.820 


E 
.240 
.285 
.260 
.310 
.240 
.285 
.260 
.310 
.230 
.265 
.240 
.310 
.260 
.310 


E1 
.300 
.320 
.290 
.320 
.290 
.320 
.290 
.320 
.290 
.310 
.290 
.320 
.290 
.320 
e 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 


L 
.125 
.150 
.125 
.160 
.125 
.150 
.125 
.160 
.100 
.150 
.125 
.150 
.125 
.160 


Q 
.015 
.060 
.020 
.060 
.015 
.060 
.020 
.060 
.020 
.080 
.015 
.060 
.020 
.060 


S1 
.004 
.005 
.010 
.005 
.020 
.005 
.005 


a 
3· 
13· 
3· 
13· 
3· 
13· 
3· 
13· 


Standard 
Lead 
b 
b orc 
b 
borc 
c 
b 
b orc 
Finish 


AMO 
Pkg. 
0-18-1 
0-18-2 
0-20-1 
0-20-2 
0-22-1 
0-22-2 
0-24-1 


Common 
SIOE- 
SIOE- 
SIOE- 


Name 
CEROIP 
BRAZED 
CEROIP 
BRAZED 
CEROIP 
BRAZED 
CEROIP 


38510 
Appendix 
C 
- 
- 
- 
- 
- 
- 
0-3(1) 


Parameters 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
.130 
.200 
.100 
.200 
.140 
.220 
.100 
.200 
.140 
.220 
.100 
.200 
.150 
.225 


b 
.016 
.020 
.015 
.022 
.016 
.020 
.015 
.022 
.016 
.020 
.015 
.022 
.016 
.020 


b1 
.050 
.070 
.040 
.065 
.050 
.070 
.040 
.065 
.045 
.065 
.030 
.060 
.045 
.065 
c 
.009 
.011 
.008 
.013 
.009 
.011 
.008 
.013 
.009 
.011 
.008 
.013 
.009 
.011 
0 
.870 
.920 
.850 
.930 
.935 
.970 
.950 
1.010 
1.045 
1.110 
1.050 
1.110 
1.230 
1.285 


E 
I 
.280 
.310 
.260 
.310 
.245 
.285 
.260 
.310 
.360 
.405 
.360 
.410 
.510 
.545 


E1 
.290 
.320 
.290 
.320 
.290 
.320 
.290 
.320 
.390 
.420 
.390 
.420 
.600 
.620 
e 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 


L 
.125 
.150 
.125 
.160 
.125 
.150 
.125 
.160 
.125 
.150 
.125 
.160 
.120 
.150 


Q 
.015 
.060 
.020 
.060 
.015 
.060 
.020 
.060 
.015 
.060 
.020 
.060 
.015 
.060 


S1 
.005 
.005 
.005 
.005 
.005 
.005 
.010 


a 
3· 
13· 
3· 
13· 
3· 
13· 
3· 
13· 


Standard 
Lead 
b 
b orc 
b 
borc 
b 
b orc 
b 


Finish 
m 


AMO Pkg. 
0-24-2 
0-24-4 
0-28-1 
0-28-2 
0-40-1 
0-40-2 
0-48-2 


Common 
SIDE- 
SIDE- 
SIDE- 
SIDE- 
Name 
BRAZED 
CERVIEW 
CEROIP 
BRAZED 
CEROIP 
BRAZED 
BRAZED 


38510 
Appendix C 
0-3(3) 
- 
- 
- 
0-5 
- 
- 
Parameters 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
.100 
.200 
.150 
.225 
.150 
.225 
.100 
.200 
.150 
.225 
.100 
.200 
.100 
.200 


b 
.015 
.022 
.016 
.020 
.016 
.020 
.015 
.022 
.016 
.020 
.015 
.022 
.015 
.022 


b1 
.030 
.060 
.045 
.065 
.045 
.065 
.030 
.060 
.045 
.065 
.030 
.060 
.030 
.060 


C 
.008 
.013 
.009 
.011 
.009 
.011 
.008 
.013 
.009 
.011 
.008 
.013 
.008 
.013 
0 
1.170 
1.200 
1.235 
1.280 
1.440 
1.500 
1.380 
1.420 
2.020 
2.100 
1.960 
2.040 
2.370 
2.430 


E 
.550 
.610 
.510 
.550 
.510 
.550 
.560 
.600 
.510 
.550 
.550 
.610 
.570 
.610 


E1 
.590 
.620 
.600 
.630 
.600 
.630 
.590 
.620 
.600 
.630 
.590 
.620 
.590 
.620 
e 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 


L 
.120 
.160 
.120 
.150 
.120 
.150 
.120 
.160 
.120 
.150 
.120 
.160 
.125 
.160 


Q 
.020 
.060 
.015 
.060 
.015 
.060 
.020 
.060 
.015 
.060 
.020 
.060 
.020 
.060 


Sl 
.005 
.010 
.005 
.005 
.005 
.005 
.005 


Oi 
30 
130 
30 
130 
30 
130 


Standard 
Lead 
borc 
b 
b 
b 
borc 
borc 
Finish 


Notes: 
1. Load finish b is tin plate. Finish c is gold plate. 
2. 
Used only for LM108/LM108A. 


3. 
Dimensions 
E and D allow for off-center 
lid. meniscus 
and glass overrun. 
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FLAT PACKAGES (Cont.) 
F-42-1 


+=b=E-Lla 


j 
I 


i 
I 
t T 


AMD Pkg. 
F-1o-1 
F-1o-2 
F-14-1 
F-14-2 
F-16-1 
F-16-2 
F-2o-1 
F-22-1 


Common 
CERPACK 
METAL 
CERPACK 
METAL 
CERPACK 
METAL 
CERPACK 
METAL 
NAME 
FLAT PAK 
FLAT PAK 
FLAT PAK 
FLAT PAK 


38510 
F·4 
F·4 
.F-1 
F-1 
F-5 
- 
- 
- 
Appendix 
C 


Parameters 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
.045 
.080 
.045 
.080 
.045 
.080 
.045 
.085 
.045 
.085 
.045 
.085 
.045 
.085 
.045 
.090 
b 
.015 
.019 
.012 
.019 
.015 
.019 
.012 
.019 
.015 
.019 
.015 
.019 
.015 
.019 
.015 
.019 


C 
.004 
.006 
.003 
.006 
.004 
.006 
.003 
.006 
.004 
.006 
.003 
.006 
.004 
.006 
.003 
.006 


0 
.230 
.255 
.235 
.275 
.230 
.255 
.230 
.270 
.370 
.425 
.370 
.400 
.490 
.520 
.380 
.420 


01 
.275 
.280 
.410 
.440 


E 
.240 
.260 
.240 
.260 
.240 
.260 
.240 
.260 
.245 
.285 
.245 
.285 
.245 
.285 
.380 
.420 


E1 
.275 
.280 
.275 
.280 
.290 
.305 
.290 
.440 


e 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 


L 
.300 
.370 
.300 
.370 
.300 
.370 
.300 
.370 
.300 
.370 
.300 
.370 
.300 
.370 
.250 
.320 
L1 
.920 
.980 
.920 
.980 
.920 
.980 
.920 
.980 
.920 
.980 
.920 
.980 
.920 
.980 
.920 
.980 
Q 
.010 
.040 
.010 
.040 
.010 
.040 
.010 
.040 
.020 
.040 
.010 
.040 
.020 
.040 
.010 
.040 


Sl 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
Standard 
Lead 
b 
c 
b 
c 
b 
c 
b 
c 


Finish 


AMD Pk!l. 
F-24-1 
F·24-2 
F-24-3 
F-28-1 
F·28-2 
F-42-1 
F-48-2 


Common 
CERPACK 
METAL 
METAL 
METAL 
CERAMIC 
CERAMIC 
CERAMIC 
Name 
FLAT PAK 
FLAT PAK 
FLAT PAK 
FLAT PAK 
FLAT PAK 
FLAT PAK 
38510 
F-6 
F-8 
- 
- 
Appendix 
C 
- 
- 
- 


Parameters 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 
Min. 
Max. 


A 
.050 
.090 
.045 
.090 
.045 
.090 
.045 
.080 
.065 
.085 
.070 
.115 
.070 
.110 
b 
.015 
.019 
.015 
.019 
.015 
.019 
.015 
.019 
.016 
.025 
.017 
.023 
.018 
.022 


C 
.004 
.006 
.003 
.006 
.003 
.006 
.003 
.006 
.007 
.010 
.006 
.012 
.006 
.010 


0 
.580 
.620 
.360 
.410 
.380 
.420 
.360 
.410 
.700 
.720 
1.030 
1.090 
1.175 
1.250 


01 
.420 
.440 
.410 
.720 
1.090 
1.250 


E 
.360 
.385 
.245 
.285 
.380 
.420 
.360 
.410 
.625 
.650 
.620 
.660 
.615 
.670 


E1 
.410 
.305 
.440 
.410 
.650 
.660 
.670 


e 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 
.045 
.055 


L 
.265 
.320 
.300 
.370 
.250 
.320 
.270 
.320 
.415 
.435 
.320 
.370 
.320 
.370 


L1 
.920 
.980 
.920 
.980 
.920 
.980 
.955 
1.000 
1.475 
1.500 
1.300 
1.370 
1.310 
1.365 


Q 
.020 
.040 
.010 
.040 
.010 
.040 
.010 
.040 
.017 
.025 
.020 
.060 
.020 
.055 


S1 
.005 
.005 
O' 
0 
.005 
.005 
.015 


Standard 
c 
c 
c 
Lead 
b 
c 
c 
c 
Finish 


Notes: 
1. Lead finish 
b is tin plate. Finish c is gold 
plate. 


2. Dimensions 
E, and 0, allow 
for off-center 
lid, meniscus, 
and glass overrun. 


